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ABSTRACT

Collaborative Learning with a Geometry Video Game:
The Role of Elaboration and Game Design in Motivation and Learning
by
Ethlyn Saltzman

Advisor: Bruce Homer, PhD
The study examined the effects of a new game mechanic on collaborative learning and
mathematical discourse when playing a digital geometry puzzle game. For this study, two new
versions of the game “Noobs vs. Leets” were developed. Both versions of the game teach the
concepts of complementary and supplementary angles and the angle sum theorem of triangles. It
was hypothesized that the version of the game that included a game mechanic that allow players
to manipulate the angles, thus creating a more open-ended task, would be more intrinsically
motivating, promote elaboration of the geometric concepts, and lead to greater learning gains.
However, no differences were found between the two versions of the game in individual learning
outcomes, the degree of mathematical elaboration by the pairs, or individual interest, effort or
competence. Elaboration of the mathematical concepts in the pairs’ discourse in the procedural
game levels did predict individual procedural learning outcomes. Elaboration of reasoning did
not, however, predict conceptual learning. To understand why no differences were found
between the two versions of the game and why there was not a stronger link between elaborative
reasoning and conceptual learning, eight representative pairs were chosen for more in-depth
analysis. This analysis revealed that the pairs varied tremendously not only in their level of
cognitive engagement but also in the quality of their social interactions. I conclude that
successful collaborative learning with serious games requires not only careful consideration of
how to align the game mechanics with the learning goals but also how to promote positive social
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rapport between players, as without this rapport, students will be unlikely to learn from one
another or from the game. Future research on collaborative learning with digital games should
examine not only the role of cognitive engagement in learning but also the role of social rapport.
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CHAPTER 1
INTRODUCTION
Three fourths of K-8 teachers report using digital games as part of their instruction and
more than half of these digital game using teachers report having students play digital games
with classmates rather than alone (Takeuchi & Vaala, 2014). Therefore, when studying and
designing games for classroom use, it is important that we consider not only students' individual
interactions with the game but how children interact with one another when playing games with
peers and what design features can encourage productive communication. Unfortunately,
however, most research on using digital games for educational purposes has students playing
individually and only a small handful of studies have examined how children interact when
playing digital games with their peers in the classroom.
Effective use of games in the classroom begins with effective design of the game-based
learning environment. This begins with a clear conception of the ways in which game-based
learning environments are similar to other learning environments as well as the unique
affordances of games. Plass et al. (2015) argue that the there is no unique model of learning that
exists for games as games can be designed based on any model of learning. They provide
examples of games based on very different models or theories of learning. For example, a game
can be designed with behaviorist orientation offering players limited choices and clear right or
wrong feedback or can be much more open-ended allowing players to not only offer a wider
range of responses but also to provide opportunities for players to design their own challenges
creating a constructivist learning environment. However, to create a game that is successful both
as a game and learning environment, game designers need o balance coverage of the content with
playful characteristics. They therefore argue that the difference exists between games and
learning is not how new knowledge or behaviors are built but rather the structure of games and
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the way in which this creates a playful learning environment. Plass et al. describe a simple model
of game structures consisting of a cycle of challenge, response and feedback that can be found in
all games which with proper design will engage students affective, cognitively, behaviorally and
socially.
To create games that engage students at all of these levels and that help the learner reach
the learning objectives requires consideration of the affordances of the game and how the
learners interacts with the game. The methods through which the game player takes action within
the game are often referred to as the game mechanic. In designing serious games, games
designed withs specific education goals, it is not enough to consider if the game mechanics are
fun and engaging but also if they are leading the game players to engage in learning activities
that help them achieve the specific learning objectives. Plass et al. (2011) therefore argue that for
learning to be considered game-based learning, it is not enough for game elements to be added to
an existing learning activity, the learning activities have to be integrated within the core
mechanics of the game. These integrated learning activities are the game’s learning mechanics.
When game elements are simply added to an existing learning activity, for example when gamebased rewards are given for correctly answering quiz questions, this would be considered
gamification rather than game-based learning (Krath et al. 2021). Gamification, while it can help
motivate students to engage in the learning activity, does not fully immerse a student in a playful
way as a well-designed game does. To design a game that can be played together with peers,
however, it is necessary to not only understand how the individual player interacts with the game
but how the players interact with one another.
Although educational and developmental psychologists have long emphasized the value
of collaboration and there is substantial research on the educational effectiveness of game-based

12

learning, research on digital game-based learning has primarily focused on individual play.
Learning with peers in both computer and classroom environments has been shown to be
effective at improving both student motivation and achievement (Slavin, 1995; Johnson &
Johnson, 2009; Stahl et al., 2006; Lou et al., 2001) but less is known about the benefits of
collaboration during game-based learning. While individual play of serious games has been
shown to improve student motivation and to have the potential to build skills and knowledge
through practice and feedback, many video games are limited in their ability to engage students
in the deeper processing thought to be necessary for conceptual understanding. Collaborative
play when properly scaffolded, however, may have the potential to provide both the immediate
feedback that can build individual skills and knowledge and the opportunity for discussion and
elaboration that can build conceptual understanding. Alternatively, playing together with a peer
may be a distraction in a learning environment that already is engaging learners on multiple
levels and providing substantial feedback on responses.
While studies that compare different methods of collaborative and cooperative learning
can help guide instructional decision making, they do not tell us how or why learning with peers
benefits students. To understand which methods, work best and under what circumstances, it can
be more useful to take a process-oriented approach, examining students’ interactions and
learning process. Researchers with a process-oriented approach to studying cooperative learning
often focus on differences in the quality and quantity of student interactions (Cohen, 1994;
O'Donnell et al., 1985; Webb et al. 2002, 2014). One variable that has been found to differ
between successful and unsuccessful cooperative learning groups is the degree of elaboration in
students’ explanations to one another. In more successful groups, the explanations tend to be
more elaborated, with students explaining how a problem is solved rather than simply providing
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answers to their group members. This type of elaboration may be especially important for
conceptual change as this requires deeper processing than learning new procedures or facts. This
may help to explain the findings of Mullins et al. (2011) who found no difference between
individual and collaborative learning conditions when participants were learning algebraic
procedures but found that the participants did better in the collaborative condition when learning
algebraic concepts. While there exists a large body of research which has examined the
conditions under which computer-supported collaborative learning and classroom group work
are successful, game-based learning is unique in that it provides built-in immediate feedback to
the learner which may make the learner less likely to seek out assistance from a partner. The
reward structure in many games may also be detrimental to collaboration in that the game may
reward the player for moving quickly through the game rather than taking the time to elaborate
on the game concepts. The handful of studies that have compared individual and collaborative
play of serious games have had mixed results with most finding no significant difference in
learning outcomes between individual and collaborative conditions (Chen et al., 2015, Plass et
al., 2013; Ke & Grabowski, 2007; van der Meij et al., 2011). A number of researchers
hypothesized that the lack of significant differences between conditions was due to the design of
the games failing to maximize the benefits of collaboration. To test this hypothesis, Chen and
Law (2016) conducted a study in which they examined whether the addition of questions at the
end of the game to scaffold player discourse would affect the learning outcomes for individual
and collaborative play. They found that participants in the collaborative groups outperformed
those in an individual learning condition. Without the additional scaffolds, there was no
difference between individual and collaborative play.
With a limited number of studies having examined collaboration with serious games, and
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those that exist not taking a process-oriented approach, much is still not known about how to
design games for effective learning in groups. This study therefore takes a process-oriented
approach and examines the influence of task demands on player interactions and learning. The
dissertation study builds on the findings from my pilot study with 59 middle school students that
compared learning outcomes of collaborative pairs with those of individual play of a geometry
puzzle game called “Noobs vs. Leets”. “Noobs vs. Leets” is a modifiable game designed to teach
concepts of angles including supplementary and complementary angles. In addition to comparing
the learning outcomes in the individual and collaborative conditions, the pilot study examined
mathematical discourse of ten pairs of students. While no differences were found in learning or
motivational outcomes between the individual and collaborative conditions, I found that pairs of
students whose discussion included more elaborated explanation of the concepts in the game had
better learning outcomes. The game version used for the pilot study also incorporated a new
game mechanic that required the player to modify the puzzle by moving the vertices to form new
angles. This created a more complex and open-ended task. It was found that more elaboration
took place in the level with the new game mechanic. However, as all players completed a version
of the game with both types of levels, it was not possible to test our hypothesis that the new
game mechanic improved learning outcomes.
To directly test the hypothesis that introduction of this new game mechanic is important
in encouraging more elaborated discourse thereby improving student learning outcomes, two
new game versions were created: one with puzzles incorporating the manipulation mechanic and
one without. The two game versions are otherwise parallel with each level teaching and testing
the same concepts. For this study, pairs of students were assigned one of the two versions of the
game and their discussion was recorded while playing the game play. This made it possible to
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not only compare learning and motivational outcomes for the two conditions, but to explore the
relationship between students' mathematical elaboration and their learning outcomes, how
students interact with the game design features and which game features encourage mathematical
elaboration and productive collaboration.
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Chapter 2
Review of the Literature
Theoretical Perspectives on Collaborative and Cooperative Learning
The first distinction to make in examining literature is that between cooperative and
collaborative learning. While some of the literature uses the terms interchangeably, other
researchers make a distinction between the two types of learning situations. Dillenbourg (1999)
describes collaborative learning as a situation in which there is symmetry between the group
members in their knowledge, status, actions and goals. In collaborative learning situations, the
goal is for students to work together, but there is not a guarantee that they will as they are
generally free to choose the extent of their interactions and each student’s role within the group.
Conversely, Dillenbourg describes cooperative learning as a structured method of instruction in
which rather than having students simply being instructed to work together, the work is divided
among the group members each having a different subtask or role that they must complete. The
purpose of these structures and roles is to create a situation in which the final goal cannot be
accomplished without each student’s individual contribution and the students are incentivized to
interact with one another in assembling the final product. This distinction based on division of
labor is, however, not universal throughout the literature. Artzt (1990) for example emphasizes
the importance of students realizing that they are a team and that they share in the group’s
success or failure. Artzt further limits the term cooperative learning to situations in which
students need to talk with one another but makes no mention of division of labor as a necessary
component of cooperative learning. Similarly, Johnson and Johnson (1999) define cooperative
learning as a situation where students work together to accomplish shared goals through
discussion and encouragement.
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Reviews of cooperative and collaborative learning research have identified a number of
different theoretical approaches taken by researchers (Cohen, 1994; Johnson & Johnson, 2009;
Slavin, 1995, 2011; Stall et al., 2006). The benefits of cooperative learning as described by
Slavin (2011) in accordance with a motivational perspective are a result of the goal and reward
structure built into many of the popular cooperative learning methods. The key element in
Slavin’s view is that cooperative learning structure should have both group level and individual
rewards so that group members are incentivized to help and encourage one another, and no
member is allowed to be a “free rider”.
Though Slavin’s methods and theories have been very influential, a number of arguments
have been made regarding shortcomings in Slavin’s focus on group rewards (Abrabi, 1996;
Cohen, 1994). One primary criticism of Slavin’s methods and theory is that the focus on group
rewards only provides the most external type of motivation. While potentially powerful in the
short term, extrinsic rewards have generally been found by motivational theorists to cause
students to be less engaged and interested in learning than more intrinsic or internalized sources
of motivation (Ryan & Deci, 2000). Abrami (1996) points out that a number of successful
cooperative learning methods have been developed that use different reward structures. For
example, some methods of cooperative learning, including the jigsaw method developed by
Aronson in the 1970’s, motivate group cooperation through resource interdependence rather than
group rewards. In the jigsaw method, members need to rely on each other’s knowledge or skills
because no one member has all of the necessary resources to accomplish the task. Cohen (1994)
argues that Slavin’s methods may need group rewards because they generally use simple tasks
with single right answers so do not naturally promote collaboration. In more complex tasks that
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are intrinsically interesting and inherently require group collaboration for good results, extrinsic
rewards may be unnecessary as long as individual accountability is maintained.
Johnson and Johnson (2005, 2009), prominent researchers and developers of cooperative
learning methods, emphasize the importance of social cohesion and positive group interactions.
They describe their methods and approach to cooperative learning as arising from social
interdependence theory. Social interdependence theory describes how different goal structures
can lead to positive or negative social interdependence. When there is a competitive situation,
there is negative interdependence as individuals believe they can be successful only if others fail.
Positive interdependence exists only when people believe that they can attain their goals only if
others with whom they are cooperating also attain their goals. In their view, however, positive
interdependence is insufficient as groups also need the appropriate social skills for positive group
interactions. Therefore, Johnson and Johnson’s cooperative learning methods, in addition to
ensuring individual accountability, also build in activities for developing social skills and
positive group interaction. Beyond the motivational effects of interdependence, Johnson and
Johnson discuss the benefits that are gained through group interactions such as providing
feedback, challenging each other’s thinking and promoting higher levels of reasoning. In
applying cooperative learning methods in the classroom, Johnson and Johnson emphasize the
need for teachers to understand the conceptual basis of the methods rather than simply learning
the details of the methods to be applied in a cookie cutter fashion.
Cognitive developmental theorists provide a different framework for understanding the
effects of cooperative and collaborative learning. Rogoff (1991), building on Vygotsky’s
sociocultural theory, emphasizes the inseparability of the individual from the social context. In
her view, the ideal learning model is one in which the child is an active participant in shared
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meaningful activity. Within this type of collaborative environment, learning cannot be
understood only at the individual level; instead, it is necessary to examine the development of
shared thinking within the group. In a collaborative learning situation, what is essential is that
there is a shared understanding that allows for the co-construction of knowledge. Rogoff argues
that examining the extent of co-construction of knowledge within the group can help explain
inconsistencies in research findings on the value of peer collaboration. Depending on the type of
task and its complexity, children may require the scaffolding of an adult or more able peer while
in other situations, peer collaborators can successfully negotiate a shared understanding.
Variation in the value of cognitive conflict vs. guidance in the development of different types of
cognitive activities may also underlie differences across studies.
Theoretical approaches that focus on shared understanding have been very influential in
the field of computer supported collaborative learning (CSCL) (Stall et al., 2006; Dillenbourg,
1999). Many in the field of CSCL make the distinction between collaboration and cooperation.
They see collaboration as a group process in which the goal is for the group to construct a shared
understanding. Cooperative learning is a process in which partners split the work and then
assemble the parts, but the learning itself remaining fundamentally an individual process. In this
view, because collaborative learning is a group process, it cannot be analyzed by looking only at
individual measures as the shared understanding does not exist independently of the group. This
has led to numerous studies focusing exclusively on group level outcomes; this approach
however ignores the importance of individual appropriation of shared understanding as part of
learning and development.
Other theorists emphasize the importance of elaboration of reasoning that takes place
during e group work in increasing student achievement (O’donell et al., 1985; Webb et. al.,
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2002). Cognitive elaboration was first explored as an individual study strategy (Dansereau, 1979;
Weinstein, 1977, 1982), but was later incorporated as a component of cooperative learning
methods (O'Donnell, 1985). From this theoretical perspective, the benefits of cooperative
learning will be more apparent in learning situations that require deeper processing and cognitive
restructuring vs. procedural learning which may benefit more from rehearsal strategies (Cohen,
1994; O'Donnell et al., 1985). Additionally, this perspective is supported by studies that show
that in cooperative learning situations the giver of help often benefits more than the receiver
(Webb et al., 2002). Further research however has shown that the value of giving explanation is
further extended when there is co-construction with each individual’s explanations building off
the ideas of other group members (Webb et al., 2014). This suggests perhaps that the students
will get the most benefit when classroom instruction helps guide students in elaboration and coconstruction of knowledge. Methods of cooperative learning that stress elaboration include
reciprocal teaching and other scripted methods of cooperative learning.
Task Variables and Mathematics Learning
A conceptual framework developed by Stein et al. (1996) can help to more fully
understand and explore the relationship between task variables and mathematics learning in
group settings. The framework categorizes tasks based on two interrelated variables: the task
features and the cognitive demands of the task. The three task features delineated in their
framework are whether the problem defined in the task has a single solution pathway or multiple
solution pathway, if there is more than one way to represent the problem and the extent to which
the task demands explanation or justification.
Stein et al. (1996) define cognitive demand as the type of thinking that the task requires.
The task may for example demand memorization, use of procedures or may be designed to
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require more complex reasoning. In addition, the framework details the ways in which the task
features and demands can shift from their intended design to how they are set up by the teacher
and finally implemented by the students. For example, while a task may be able to be solved in
multiple ways, in practice students may all use the same solution method, or students may solve
a task designed to require high level conceptual reasoning thinking by implementing an
algorithm learned for a similar problem.
Cognitive Demands of Mathematical Tasks: Conceptual and Procedural Knowledge
The literature widely makes a distinction between two types of knowledge, conceptual
and procedural, and yet there is no clear universal definition of the terms. While much of the
earlier literature characterized conceptual knowledge as being knowledge that is deep,
meaningful and connected and procedural knowledge as shallow, unconnected and learned by
rote (e.g. .Byrnes & Wasik, 1991; Heiber & Lefevre, 1986), more recently there have been those
that argue that knowledge type and quality should be considered separate dimensions and as such
it is possible to have conceptual knowledge that is superficial and sparsely connected to other
concepts and procedural knowledge that is deep and connected. (Baroody et al., 2007; RittleJohnson et al., 2015). This however does not lead to the conclusion that deep procedural and
conceptual knowledge can or should exist independently. Rather a full understanding of
mathematics involves an understanding of the connection between concepts and procedures.
Although some have asserted that procedural knowledge must be built on a foundation of
conceptual understanding ( e.g., National Council of Mathematics Teachers, 2014), many
theorists and researchers assert that the relationship between the development of conceptual and
procedural knowledge is bidirectional with growth in each type of knowledge supporting the
development of the other (e.g. Baroody et al., 2007; Heibert & Lefevre 1986; Rittle-Johnson et
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al., 2015). Heibert and Lefevre (1986) describe the interdependence of conceptual and
procedural knowledge. They assert that a student who learns a procedure without learning the
underlying concepts will be more prone to error. For example, a student taught the procedure for
multiplying fractions without an understanding of how the procedure relates to the nature of
fractions may multiply two fractions and make a computational error, arrive at a number that is
larger and not notice the error. On the other hand, teaching students the procedure can also be the
catalyst for the development of a deeper conceptual understanding. For example, when a student
is taught the procedure for multiplying fractions, they may begin to think more deeply about
fractions as they attempt to reconcile and understand how and why the procedure works.
Despite the benefit that students gain by making the connection between concepts and
procedures, it is often a struggle for students. Hiebert and Lefevre (1986) describe three basic
reasons for this difficulty. First often the students may not have the background knowledge to
recognize the relationship between concepts and procedures, second the teacher may not provide
enough explicit instruction to make the connection obvious and third reason being that that when
new knowledge is first learned it is context bound making it difficult to form connections. These
challenges make clear that if we are to help students build these connections, we need tasks and
tools that can help build background knowledge, help teachers scaffold the connection between
concepts and procedures and provide practice applying procedures in multiple contexts.
Task Type and Student Learning
While the importance of a conceptually rich mathematics education and of helping
students make the connection between concepts and procedures has long been recognized among
educators and researchers, it continues to be an area of challenge in the US education system
with teachers spending much more time on teaching procedures than concepts (National Council
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of Mathematics Teachers, 2014; National Research Council, 2001). To help overcome this
challenge, the use of tasks with multiple solutions and the use of more open-ended problems
have been recommended strongly by mathematics educators and reformers as a way of helping
students build connections between procedural and conceptual knowledge. These
recommendations are based on research that has shown use of open-ended problems can increase
students’ flexibility in problem solving (Kwon et al., 2006; Levav-Waynberg & Leikin, 2012;
Rittle-Johnson & Star, 2007, 2009) and conceptual understanding of the material (Rittle-Johnson,
2009) while encouraging collaboration and mathematical discourse (Chan & Clarke, 2017;
Cohen, 1994) .
Both Kwon et al. (2006) and Levav-Waynberg and Leikin (2012) investigated the effects
of using open-ended problems with multiple solutions on measures of divergent thinking or the
ability to be flexibly and fluently approach problem solving. Both studies used quasi
experimental design, and both found that students working with multiple solutions tasks
outperformed the control groups on fluency (number of different solutions they could develop)
and flexibility (ability to develop different types of solutions). Additionally, Levav-Waynberg
and Leikin interviewed a small group of students at three different time periods during the year
to understand the process used by students to solve the multiple solutions tasks. By comparing
the pre- and post-intervention solution processes of a student from a treatment class and a control
class, they found large differences in how the students approached the problems, with the student
in the control classroom continually returning to their original proof when trying to create new
solutions while the student in the treatment group was able to move away from their initial
analysis and create new solutions without the aid of the interviewer.
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Unlike the Rittle-Johnson and Star (2007, 2009) studies that found that comparisons of
solutions are more effective than other modes of instruction in algebra, a study conducted by
Schukajlow et al. (2015) found that their instructional design to allow for comparison of multiple
solutions did not improve learning. The instruction sequence used in both the treatment and
control groups involved a five-lesson cooperative learning sequence that used modeling
problems related to the Pythagorean theorem. The problems were modified to have multiple
solutions in the treatment condition. An explanation for the lack of effectiveness in this study
may be the lack of appropriate guidance and scaffolding for problem solving. While RittleJohnson and Star studies used worked examples, none were provided in the Schukajlow et al.
study. Worked examples being one of the most effective scaffolds for problem solving (Atkinson
et al., 2000; Sweller & Cooper, 1985), the differences between these studies are not surprising.
Together these studies provide evidence that open ended problems used as part of small
cooperative and collaborative groups can help improve students’ mathematical understanding,
but that students may need significant guidance. This conclusion is supported by a meta-analysis
of discovery learning that showed that unguided discovery was less effective than traditional
direct instruction while guided discovery was more effective than other forms of instruction
(Alfieri et al., 2011).
A study by Olson et al. (2014), however, did not find a benefit to scaffolded collaborative
learning with either conceptual or procedural tasks. They used an intelligent tutoring system with
either a set of conceptual or procedural problems sets which were solved either individually or
collaboratively. The system also employed collaborative scaffolds in the group learning
condition. The scaffolds included a script that told students when to help and when to solve.
Additionally, the program used a jigsaw approach so that each student needed the others’ help in
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solving the problems. They found that student achievement gains were the same for the
conceptual collaborative and conceptual individual learning conditions and that there were no
gains with the procedural tutoring system. They contend that the results of this study are
inconclusive because of the short amount of time students had, much of which may have been
used to learn the tutoring system. This study however confirms other findings with collaborative
scaffolds that have shown over-scripting the learners’ discourse may hinder the natural learning
process (Dillenbourg, 2002). This study does not provide much insight into how or why these
scaffolds are not successful.
Grouping Variables and Learning with Technology
In addition to the different methods of group work used in the classroom, it is important
to consider how students are grouped. When learning using computers, the most effective
methods and grouping may or may not be the same as when students are interacting without the
use of a computer. One factor to consider is the size of the groups. A meta- analysis conducted
by Lou et al. (2001) reviews 122 studies that compared learning in groups with computers to
learning individually. The studies included both face to face learning situations and synchronous
and asynchronous electronic collaboration. They found that overall students had better learning
and affective outcomes when learning in groups compared to learning alone. As far as the
optimal size of groups, they found that while group task performance was better for larger
groups, pairs had the best individual learning outcomes. This was in contrast to what was found
in a meta-analysis by Lou et al. (1996) of non-computer based group work in which the effect
size for studies that had students grouped in groups of three to four was the highest (significantly
higher than larger groups but not significantly different from pairs).

26

Another factor to consider in instituting group work is whether groups should be
homogenously or heterogeneously grouped. The1996 meta-analysis of non-computer-based
instruction included a separate analysis of 22 studies that directly compared homogenous and
heterogenous groups. While overall they found a positive effect of homogenous groups as
compared to heterogenous groups, in separating out the effects for students at different ability
levels they found that only medium ability students did best with homogenous groups. Students
with relative low ability did best with heterogenous groups while no significant difference was
found for high ability students. While the Lou et. al (2001) meta-analysis of learning in groups
with computers did not directly look at studies that compared homogenous and heterogenous
groups, they did analyze ability grouping as a possible moderating variable. They found that
ability grouping (homogenous vs heterogenous) was not a significant moderating variable.
Johnson & Johnson (2004) in their review of the research on cooperative learning with
technology extensively discuss the issue of homogenous vs heterogenous grouping for students
of different ability levels. Citing research on both sides they conclude that due to the benefits to
low ability students, heterogenous groups are preferable. They base their conclusion largely on a
series of research studies led by Simon Hooper. Hooper & Hannifin (1988) conducted a study
comparing homogenous and heterogenous groups of 8th graders. In the study, students were put
in groups of four and were given a conceptual mathematical task that they learned using a
computer tutorial. They found that low ability students benefited from heterogenous grouping
while high ability students in this study performed worse on some question types when grouped
with low ability students but did better on problem solving. In this study, however, there were
two high ability students in each group.
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In another study, Hooper & Hannifin (1991) looked at differences between
homogenously grouped vs heterogeneously grouped students who were paired rather than put in
groups of four. Students were paired with either a partner of similar ability or of higher or lower
ability completing the computer-based math instruction. They also manipulated accountability by
having students complete practice quizzes following instruction either cooperatively (group
accountability) or individually( individual accountability). They found no difference in
individual achievement between homogenous and heterogenous pairs. They did find that group
the difference in individual posttest achievement scores approached significance with students in
the group accountability condition scoring higher than those in the individual accountability
condition., and did not find the expected interaction between grouping type and ability level such
that there was not evidence that low ability students did better in heterogenous groups.. They
report that they found no other interactions. This study also looked at the quantity of cooperative
interactions and found a correlation between the quantity of cooperation and posttest scores but
only for students grouped heterogeneously. They also found that low ability students cooperated
more when put in heterogenous pairs. This however did not translate to higher achievement
levels for low ability student in heterogenous as compared to homogenous groups. They
hypothesize that this may have been due to the short length of the treatment. It is to be noted,
however, that while they report no other interactions between ability level, grouping and
achievement a quick glance at their tables indicate to me the possibility that low ability students
in heterogenous groups outperformed low ability students in homogenous groups when there was
group accountability. Posttest scores for the 13 low ability students in the group accountability
conditions had a mean of 68.46, and a standard deviation of 13.6 while the mean for the 20 low
ability students homogenously grouped in the group accountability condition, was 57.00. with a
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standard deviation of 16.58. It is therefore possible that under conditions where these is group
accountability, low performing students do better when paired with a high performing student
than when with another low-ability student. This benefit did not appear to be to the detriment of
the high ability students who did equally well under both conditions.
Despite numerous research studies examining many different possible grouping
variables, it is not possible to make a conclusion to one best group configuration that teachers
should always employ. Webb et al. (2019) point out that very different group processes can
result with very similar group configurations. For this reason, they suggest rather than focusing
on creating the optimal configuration, teachers should focus their attention directly on the group
processes that occur during learning rather than on the group configuration. In the next section, I
will discuss how this same approach of focusing on group processes rather than group
configurations or instructional methods may also be more productive for researchers.
The Need for A Process Oriented Approach
A number of researchers have argued that approaches which focus only on the outcome
of different types of tasks or different methods of cooperative learning will never be fully
successful at elucidating the conditions under which group work is effective. (e.g., Bossert, 1998;
Cohen, 1994; Dillenbourg, 1999; Janssen et al., 2010). While these researchers acknowledge that
studies of the effect of cooperative learning have been impressive in showing the potential of
cooperative learning to improve both affective and learning outcomes, they point out there is
large variation between studies with some even showing negative effects of cooperative learning.
This observation is supported by meta-analysis and reviews that have found inconsistent results
across studies that cannot be fully explained by the moderating variables examined, (Johnson,
Johnson & Stanne, 2000; Kyndt, 2013; Lou et al., 2001). Therefore, rather than examining only
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the outcome of different cooperative learning structures or the use of different task types, a
process-oriented approach that looks at the interactions taking place during the learning process,
combined with an examination of student learning outcomes, is needed.
Process Oriented Studies of Cooperative and Collaborative Learning in Mathematics
Cohen (1994), in reviewing some of the earlier process-oriented studies of cooperative
learning in mathematics, explored the ways in which the interactions that occur during
cooperative learning relate to learning outcomes. Cohen proposes that the relationship between
achievement and interaction (type, quantity and quality) will depend on the type of task and the
instructional outcome that is being measured, with open-ended and conceptual tasks requiring
different types and quantity of interactions than those have single correct answers and clear
procedures. In support of this proposal, Cohen contrasts a group of studies that have found a
greater number of interactions does not predict achievement with a group of studies that have
shown that the number of interactions is predictive of achievement. She concludes that the
primary difference between these studies is that in the first group the tasks were not inherently
group tasks and did not require sharing of knowledge but rather assistance of one student by
another. The second group of studies involved more complex tasks that required input from
multiple group members, making group members interdependent. Cohen concludes that
generally the number of interactions will be important in ill-defined tasks; in more conventional
school tasks, it is the giving of detailed elaboration that promotes achievement.
A series of influential studies by Noreen Webb and colleagues using a process approach
has investigated this conclusion by examining the relationship between the quality of discourse,
types of interactions, teachers’ encouragement of discourse and mathematics learning.( Webb,
1982; Webb & Cullian, 1983; Webb & Farivar, 1994; Webb, Franke et al., 2008; Webb, Franke
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et al., 2014; Webb, Troper & Fall 1995). In their studies, they have generally found that while
giving elaborated explanations is associated with higher achievement, the benefits of receiving
help often depend on the nature of the help given and the learning task. For example, they found
that providing answers without explanations is generally not helpful. The interaction that is most
associated with achievement is asking for help and not receiving it which is consistently negative
associated with achievement (Webb et al., 1982, Webb & Cullian, 1983). An elaborated
explanation however will only be helpful if there is an opportunity for the receiver to apply the
help that they receive through constructive problem solving (Webb, Franke, et al 1995). In a
2014 study, Webb, Franke et. al. examined the relationship between teacher behaviors, students’
interactions, and achievement. They found that students’ achievement was related to the extent
of their engagement with each other’s ideas and their use of elaborated explanations leading to
the conclusion that there was additional value in the cooperative co-construction that goes
beyond the value of individual elaborative reasoning.
The conclusion in the 2014 Webb et al. study is supported by the research of Michelene
Chi who developed the ICAP framework for active learning (Chi & Wylie, 2014). Based on this
framework, learning environments and tasks vary in the degree to which they cognitively engage
students. The ICAP framework defined four different levels of cognitive engagement: passive,
active, constructive and interactive. Active engagement includes activities such as highlighting
or verbatim note taking while constructive engagement involves the generation of new solutions
such as would be required for concept mapping. Interactive engagement in their framework is the
highest level of cognitive engagement. Interactive engagement requires co-construction of
knowledge in which ideas provided within a group build on each other to arrive at a solution that
would have been impossible to arrive at alone. Using this framework (Chi & Wylie, 2014) to
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review studies led to the conclusion that the most effective learning environments are those that
require interactive engagement and co-construction of knowledge.
While these studies show the benefits of co-construction of knowledge and more
elaborated explanations in mathematics, it is not clear that all types of mathematical learning
benefit equally from collaborative learning environments. Webb’s studies have generally focused
on more conceptual tasks and as Webb (1991) notes, the findings may not apply to the learning
of lower order procedural or factual knowledge. A study by Mullins et al (2011) confirmed that
elaboration may have different value in procedural and conceptual learning. This study examined
learning of algebraic concepts and procedures under collaborative and individual learning
conditions. They hypothesized that collaborative learning would increase learning by furthering
elaboration when learning conceptual materials but would not make a difference for learning
procedural materials. In the collaborative condition, pairs of students worked together, and their
dialogue was recorded. In the individual condition, students were asked to think aloud, and their
think aloud was recorded. They found that collaboration with the conceptual learning materials
increased decision making time, increased elaboration, decreased error rates in the learning phase
and increased posttest scores on the conceptual questions. Collaboration reduced error rates but
did not affect posttest scores of student learning with the procedural instruction. Rather than
elaboration when working with the procedural tutorial, pairs tended to correct errors without
explanation.
To better understand the affordances of open-ended mathematical tasks within a
collaborative learning environment Chan and Clarke (2017) recorded and collected written
transcripts from two classrooms of seventh grade students working on three open ended tasks.
On the first task, students worked individually, on the second task they worked in pairs while for
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the third task they worked in groups of four. They found that when working in pairs or small
groups the open-endedness of the tasks made available greater possibility for negotiation of
mathematical meaning but also the need for greater social and socio-mathematical negotiation.
While the need to negotiate the socio-mathematical and social norms can be seen as a distraction
from math learning, the authors argue that they are integral to developing students' skill for
collaboration and argumentation. Each of these areas of negotiation according to the authors are
also areas in which teachers must scaffold student development as the quality of social
engagement has been found to play an important role in student learning (Horn at al. 1998, Olsen
& Finkelstein, 2017; Sinha & Cassell, 2015; Battistich et al., 1993).
Research on Collaborative Play of Serious Games
While classroom studies of cooperative learning have been extensive and decades long
and entire journals are devoted to computer supported collaborative learning, the research on
collaborative play of serious games has only begun to accumulate and so far is inconclusive
about the benefits of having students work in groups when playing games (Merchant et al., 2014,
Wouters & van Oostendorp, 2017). Based on the research on classroom learning, however, we
can make a number of hypotheses with regards to collaborative play of serious games. Having
students play collaboratively should encourage students to elaborate and reflect on the concepts
in the game. The degree of reflection and elaboration will likely depend however on the types of
tasks included in the game, and on the structure of the group. If the games tasks can be divided
between players or the task is too simple there is likely to be little discussion between the group
members. Additionally, the benefits of having students work together may only be seen if we test
for deep conceptual knowledge and not only for procedural learning outcomes.

33

There are however a number of differences between learning with video games and
traditional classroom learning which may affect the efficacy of having students work in groups.
While one of the main benefits often cited of working in groups is that it increases motivation,
the built-in reward system within video games may make working in groups less valuable.
Additionally, using video games collaboratively may be redundant as the feedback from peers
that can be provided in a cooperative learning activity about the correctness of solutions is
already being provided by the game. In games players are often motivated to act quickly to gain
points or pass through as many levels as possible without the necessary reflection and
elaboration needed for cognitive restructuring. Below I will review and discuss the existing
studies on cooperative and collaborative learning with video games and discuss what patterns of
results are beginning to emerge.
Inkpen et al. (1995) were one of the first groups to study the effects on performance and
motivation of playing video games collaboratively. The game was a problem-solving game
where machines had to be built to solve various challenges. They found that when working
collaboratively children were less likely to quit the game and solved more puzzles. A number of
other studies that have examined individual achievement outcomes have found no differences in
learning outcomes between individual and cooperative or collaborative game play conditions
(Chen et al., 2015; Ke & Grabowski, 2007; Plass et al., 2013; van der Meij et al., 2011). To help
explain these findings a number of the researchers included qualitative analysis of student game
play. Ke (2008) in their analysis of four teams (two in the computer game condition and two in
the pencil and paper condition) found that the more expert students often cut off the more
unskilled students' thinking and gave answers without providing explanations. While in their
study, van der Meij et al. found that most discussion was directed towards game mechanics
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rather than reflection on the concepts within the game. Similarly, Plass et al., although not
including a qualitative component, suggest that the lack of differences in learning outcomes may
be due to the fact that the game was focused on building fluency rather than on building
conceptual knowledge.
In each of these cases, we can see that the design of the game failed to engage students in
elaboration and reflection of concepts that is characteristic of successful groups. To test the
hypothesis that scaffolding reflection and elaboration could make collaborative learning with
games more effective, Chen and Law (2016) conducted a study in which they examined whether
the addition of questions at the end of the game to scaffold player discourse would affect the
learning outcomes for individual and collaborative play. They found that participants in the
collaborative groups outperformed those in an individual learning condition. Without the
additional scaffolds, there was no difference between individual and collaborative play.
Bauer and Popovic (2017) showed that learners may also benefit from collaborating on
games with open ended tasks. The study examined the impact of collaboration with an openended scientific discovery game Foldit, in which players must manipulate a molecule into the
shape with the minimum energy configuration, on both students’ motivation and individual
performance. As in a number of other studies (e.g., Inkpen et al., 1995; Ke, 2007, 2008; Plass et.
Al., 2013), Bauer and Popovic found that collaborative play was associated with greater
motivation as seen in the finding that players who had initially played as part of a group choose
to play the game more in future sessions. However, unlike the other studies reviewed here, Bauer
and Popovic found that collaboration was associated with increased individual performance. In
addition to examining the relationship between individual performance and working as part of a
group, they also looked at the percent of the time that groups were able to build on each other's
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solutions as opposed to submitting a solution developed by a single group member and found
that there was a strong correlation between the extent of collaboration, as measured by the
percent of solutions submitted that were worked on by multiple players, correlated with both
group and individual performance. The results of this study suggest the possibility that
collaboration may be beneficial when players are working on more open-ended and complex
problems; however, the study was done by collecting data from online users of the game rather
than a controlled study comparing different conditions, limiting the conclusions that can be
drawn from this study.
The studies on collaboration with serious games to date suggest that collaborative
learning with games presents many of the same complexities as cooperative learning in the
classroom and collaboration with other types of technologies. Therefore, to fully understand how
to build games that maximize the benefits of student collaboration, it will be necessary to
examine how group interaction patterns and learning are influenced by the structure of the game,
the nature of the tasks presented in the game and the individual characteristics of the learners.
Dynamic Geometry, a Tool for Building Conceptual Understanding in Geometry
One technology that has been widely used and studied in geometry classrooms to
facilitate inquiry and open-ended problem solving and help move conceptual understanding is
dynamic geometry software. Dynamic geometry software programs such as GeoGebra, CABRI,
Geometer's Sketchpad and Cinderella are a group of educational software programs that allow
the user to construct geometric objects and manipulate them through dragging. The dragging
mechanic allows the users to explore and visualize geometric relationships that cannot be easily
visualized with static representations (Hohenwarter, & Fuchs, 2004; Straesser, 2002).

36

Dynamic geometry software has been evaluated both quantitatively and qualitatively with
a wide range of subjects and age groups. To synthesize the quantitative research, Chan and
Leung (2014) conducted a meta-analysis of nine quasi experimental studies that compared math
achievement outcomes for students instructed with dynamic geometry to students instructed with
traditional pencil and ruler methods. They found dynamic geometry to have a positive and large
effect (d=1.02) on achievement outcomes. This effect was larger than those found for other
technology-based learning programs. While the effect was positive for all levels of education, it
was largest for studies conducted with elementary age students. They also found that shorter
treatments (less than 2 weeks) were more effective than longer treatments. The number of studies
however was not large enough to make conclusions about how best to integrate dynamic
geometry software into the classroom
To more directly examine how dynamic geometry software can best be integrated into
classrooms to teach geometry concepts, Bokosmaty et al. (2017) conducted an experimental
study using CABRI that compared a static condition with two dynamic conditions. In all of the
conditions, students learned about the relationship between angle and length of sides in a
triangle. In the static condition, students were simply given different triangles that they had to
compare. In one dynamic condition, students were able to manipulate the triangles themselves,
while in the other students observed the teacher doing the manipulations. As expected, students
in the dynamic conditions outperformed those in the static condition. However, while the
researchers had hypothesized that students in the manipulation condition would have
significantly higher posttest scores than those in the teacher observation condition, no significant
differences were found on the immediate posttest scores. Students in the manipulation condition
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did do significantly better on a retention test. In addition, they found that cognitive load was
lower for the two dynamic conditions.
In addition to studies using quantitative methods to examine the efficacy of dynamic
geometry in student learning outcomes, there has been considerable qualitative research
examining the group practices and discourse that takes place when students work collaboratively
with the software. Most of the studies have been done within the field of computer supported
collaborative learning (CSCL). CCSL generally adopts a theoretical approach that focuses on
shared understanding and assesses learning as a group rather than at the individual level (Cen et
al., 2016; Dillenbourg, 1999; Stahl, 2017). As an example, a study by Oner &Stahl (2016) traced
the discourse of a particularly successful group of three middle school students during one
problem solving session using the dynamic geometry software. They found that as students
worked through the two tasks their discourse became a more formal mathematical discourse and
that this change in discourse was mediated by the interaction with the team and with the dynamic
geometry environment. They also took note of some of the difficulties within the dynamic
geometry environment in that the environment did not provide students with the formal
mathematical vocabulary and they were dependent on the background knowledge of one of the
team members. Additionally, this one team member was the catalyst for a discussion surrounding
moving from an experimental discussion of what made a line perpendicular to a more
mathematically formal discussion of the topic.
While examining students’ meaning making and group practices has helped us gain
insights into how students work together and learn from each other while using dynamic
geometry software, this approach does not fully account for the reality that assessments
completed by a group are often the product primary of the higher performing group members and
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that there needs to be consideration also of individual learning outcomes. Cres (2008) discusses
the possibility of using multilevel modeling to examine the impact of group level factors on
individual outcomes and that it is possible even with the relatively small sample sizes used in
CCSL. Jiang (2011) was the only study found that used multilevel modeling to study the impact
of dynamic geometry. As the study randomly assigned teachers to condition rather than students,
it was important to model teacher level variables including years of experience. They found that
students in the dynamic geometry classrooms significantly outperformed students in the
traditional classrooms. This study however did not gather data on students' collaborative activity
or discourse among the students.

39

Chapter 3
Pilot Study
The pilot study took both a process-oriented approach to investigating collaborative
gameplay, examining participants’ interactions and their relationship to the game structure and
learning, and an outcome-oriented approach, comparing the learning and motivational outcomes
of participants in individual and collaborative play conditions. This allowed us to not only
compare effectiveness of the two conditions, but to begin to explore how to design game tasks
that encourage productive collaborative play.
The version of the game utilized for the pilot study included both levels designed to build
conceptual understanding of geometric rules and levels designed for users to practice applying
the rules to finding the value of unknown angles. In addition to assessing interest in the game,
learning outcomes for both procedural knowledge and conceptual understanding were assessed.
The pilot study also investigated the incorporation of new game tools into a number of the
game's levels. The new tools allow students to alter the maze and sketch their own path. These
new game tools were incorporated in order to encourage students’ discourse and help students
better understand the geometric principles in the game.
Hypothesis 1: Participants in the collaborative condition will outperform participants in
the individual condition on the geometry posttest.
Hypothesis 2: Participants in the collaborative condition who engage in more
elaborative feedback during play will have greater learning gains.
Hypothesis 3: Elaboration will be predictive of conceptual learning outcome but not
procedural or factual learning.
Hypothesis 4: Pairs will engage in higher levels of elaboration in the conceptual game
levels that incorporate the angle change mechanic than in the procedural levels.
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Methods
Game Description and Features
Noobs vs. Leets is a modifiable geometry video game designed to teach geometry
concepts to middle school students (Plass et al., 2012). Concepts taught in the game include
angle types, complementary angles and supplementary angles. The basic mechanic of the game
involves solving missing angles in a “maze” that will allow a “noob” to be freed, saving it from
the “leets”. For the current study, the game included both conceptual levels, in which students
must choose the correct geometric rule, and procedural levels, in which players must find the
value of a missing angle. Within the conceptual levels, a new game mechanic was incorporated
that allows players to manipulate angles. The new mechanic was incorporated in order to
encourage more elaboration of the geometric concepts. The version of the game used in the pilot
study had five chapters, with each chapter further divided into multiple levels. Each chapter
includes both conceptual and procedural levels. Chapter 1 levels Introduces the mechanism of
the game and the concepts of acute, obtuse and right angles. Chapter 2 Introduces the concept of
complementary angles unknown. Chapter 3 Introduces the concept of supplementary angles
Chapter 4 Introduces the interior angles of a triable rule, Chapter 5 Introduces the vertical angle
theorem. Each chapter is preceded by a 30 second video explain the concept introduced in the
chapter.
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Figure 1 below shows a screenshot for Chapter 2 level 3, a procedural level in which the
player must identify 40 degrees as the value of the missing angle. Figure 2 shows a screenshot
from Chapter 3 level 3, a conceptual level in which players must adjust the angles to create a
supplementary and a complementary angle and then choose the appropriate rule.

Fig. 1: Screenshot of Chapter 2 level 3, procedural level.
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Figure 2: Screenshot of Chapter 3 level 3: Conceptual/Rule level

Pre and Posttests
The pretest was used to control for differences in preexisting ability and knowledge of
geometry rules. The posttest is designed to assess a participant’s ability to meet the common core
standard for 7th grade geometry (CCSS.Math.Content.7.G.B.5) that requires students to be able
to “Use facts about supplementary, complementary, vertical, and adjacent angles in a multi-step
problem to write and solve simple equations for an unknown angle in a figure.” The pre and
posttests have parallel formats. The pretest and posttest assess both participants’ relevant factual
and procedural knowledge and their conceptual understanding. Test items assessing conceptual
understanding include items requiring participants to choose the appropriate geometric rules to
solve for an unknown angle and explain their choice and write algebraic equations for solving for
unknown angles in multistep problems. The pretest and posttest initially also contained items on
knowledge of acute, obtuse and right angles. These items were dropped from the analysis as
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almost all participants answered these items correctly on the pretest.
Motivation Measure
The motivation measure used in this study was a measure of intrinsic interest adapted
from the interest/enjoyment subscale of the Intrinsic Motivation Inventory (Ryan, 1982). Items
included “I enjoyed doing this activity very much” and “I would describe this activity as very
interesting”.
Participants
Fifty-nine students completed the study (24 5th graders,24 6th graders and 11 7th graders).
Participants came from both public and private schools in New York City and included 40
participants who identified as Hispanic/Latino, 3 who identified as African American, 4 who
identified as White, 8 who identified as other and 4 who identified as more than one
race/ethnicity. The study was conducted at one private school during school hours and at four
after school programs. Thirty students (13 males and 17 females) were assigned to the
collaborative play condition and twenty-nine (13 male and 16 females) to the individual play
condition. Of the 15 dyads, three were single gender male dyads, four were single gender female
dyads and eight were mixed gender dyads.
Ten pairs (20 participants) were included in the analysis of player discourse. Two pairs
could not be included because recordings were not able to be obtained. Three pairs were dropped
from the discourse analysis because they did not reach level 3.3. Both members in each pair were
of the same grade level except one pair that had one sixth and one seventh grader.
Procedure
Participants were first assigned randomly to condition. Participants in the collaborative
condition were then randomly paired within each classroom at each site. Each pair worked on the
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same computer with a single mouse. Participants completed a pretest and demographic
questionnaire. After completion of the pretest, students were assigned to individual or
collaborative conditions. During the learning phase, students in the individual condition played
Noobs vs. Leets at their own computer. In the collaborative condition, two students worked on
the same computer with a single mouse. Participants in both conditions played the game for 30
minutes. Each new concept in the game was introduced with a short video reviewing the concept
to be practiced, followed by game play during which the students needed to use the concept to
solve a problem in the game. Students who became stuck on a level were instructed to go back
and review the video. When necessary, game instructions were repeated to the students. In the
collaborative conditions, participants were instructed to discuss with their partner before making
decisions in the game. No other collaborative scaffolds were provided.
Discourse Analysis
Player interactions were transcribed from recorded video. The video included audio of
players’ verbal interactions and video recording of the screen during game play. The two game
levels (2.3 and 3.3) were chosen for the analysis as exemplars of two types of game levels
(procedural and conceptual) used in this study. The first level had one angle to unlock and
therefore was interpreted as a single problem-solving episode while the second level had two
angles to unlock and was therefore coded as having two problem solving episodes.
Students’ discourse for each problem-solving episode was coded for the level of
explanation from level 1: no explanation to level 6: fully elaborated explanation based on a
schema adapted from Webb et al. (1995). The adapted schema is shown below
Level and description
Level 6: Labeled explanation. Verbally labeled explanation of how to solve part or all of
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the problem with mention of the geometric rule
Level 5: Unlabeled numerical with no connection to explicit connection to geometric
rule, or statement of geometric rule without connecting it to the specific problem or
solution.
Level 4: Arithmetic operation or procedural description
Level 3: Sequence of unconnected numbers or operations or partial description of
procedure
Level 2: Answer only
Level 1: Non-content or no response. Non informational response or no response to
question
Two raters reviewed each transcript for the level of explanation. Interrater reliability was
high (Kappa=.8). HLM software was used to conduct a multilevel analysis that examined the
impact of elaboration on learning outcomes due to the fact that elaboration was coded for the pair
and pretest and posttest were individual variables. To test the effects of elaboration on learning
outcomes, hypothesis testing was done using the HLM6 software.
In addition, a preliminary analysis of game play and player interaction during the game
levels 2.3 and 3.3 looked for patterns in students’ strategies and interactions in order to identify
how they may have been affected by the different game mechanics and problem types and to
help clarify why some pairs were more successful than others.
Results of the Pilot Study
Geometry Learning Outcomes
On the geometry posttest, participants in the individual play condition slightly
outperformed those in the collaborative play condition (individual M = 4.93, SD=4.12;
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collaborative condition M = 3.76, SD = 4.18).
To determine the effect of collaborative game play on geometry learning outcomes,
differences in posttest scores were analyzed with an analysis of covariance (ANCOVA) with the
pretest as a covariate. The ANCOVA was not significant for condition, F (1, 65) = 15.91, p
=.205.
Conceptual and procedural scores on the geometry posttest were also separately analyzed.
A multivariate analysis of covariance (MANCOVA) was performed using the pretest as the
covariate and found no significant effect. There did appear to be a trend showing higher scores
on the conceptual understanding sub scores in the individual play condition, F (1,56) =3.714, p
=.059. In a second analysis that was run looking at only those participants who completed
Chapter 3, there was no significant effect of condition on the procedural sub score, F (1,56)
=.414 p =.524, or on the conceptual understanding sub score, F (1,56) =.526 p =.474.
Game Performance
Game performance in both conditions was determined by examining the level completed within
the game using the Mann-Whitney U test to compare the distributions in level completed in the
individual and collaborative conditions. No significant differences were found between
conditions. There were also no significant differences in the median (p=.576), or range of levels
(p=.834) completed in the two conditions.
Motivational Outcomes
An independent sample t test compared motivational outcomes for the two conditions.
Results indicated no significant difference in intrinsic interest scores between the individual play
(M =5.23, SD =1.27) and the collaborative play (M=5.46, SD =1.60) condition; t (52) =.545, p
=.59.
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A second analysis was conducted to determine the effects of gender on motivational
outcomes and if there was an interaction between play condition and motivational outcomes.
There was no significant difference in motivation or learning outcomes between males and
females and there was no significant interaction between the individual's gender and condition.
There were too few single gendered dyads to analyze differences between single gendered and
mixed gender dyads.
Elaboration and Learning Outcomes:
By conducting an analysis of players’ explanations when working in pairs the study
sought to determine if elaborative reasoning could help to explain differences in learning across
groups. Explanations were coded for two game levels: level 2.3 and 3.3. Level 2.3 had one angle
to unlock, therefore it was interpreted as a single problem-solving episode while level 3.3 had
two angles to unlock and was therefore coded as having two problem solving episodes.
An HLM full likelihood model was run with posttest as the outcome variable, elaboration
level for each problem-solving episode entered as level 2 variables and pretest entered as a level
1 variable. A hypothesis test was run using the HLM software to compare the full model with a
model with the level 1 variable of pretest but without the level 2 variables of elaboration score.
The hypothesis test showed that the model with elaboration scores for all three problem
solving episodes was a significantly better predictor of posttest scores than the model with
pretest only (𝜒𝜒 2 (3, n=20) =7.99, p=.045). This confirms hypothesis 1 that higher levels of
elaboration predict greater learning gains. However, due to the small sample the null model
could not reliably estimate the amount of variation that was due to level 2 factors.
Separate analyses were also run for each item type (conceptual, procedural and
knowledge of angle types) on the posttest. Analyses showed that adding elaboration scores as
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level 2 variables increased the model fit for prediction of conceptual items scores (𝜒𝜒 2 (3,
20)=22.8, p=.007) and procedural items scores ( 𝜒𝜒 2 (3,20)=8.54 p=.035) but not knowledge of
angle types scores, (𝜒𝜒2 (3, 20)=0.40, p >.5). This partially confirms hypothesis 3 in that

conceptual learning was predicted by elaboration and not knowledge of angle types. The
observed finding that procedural learning was predicted by elaboration was contrary to our
original hypothesis.
Comparison of Elaboration Scores for Procedural and Conceptual Level of the Games
Results suggested higher average elaboration scores for the conceptual game level 2.3
(M= 4.05, SD=2.01) than for procedural game level 3.3 (M=3.60, SD=1.78); however, this
difference was not statistically significant, F(1, 9) = .33, p = .58). Hypothesis 4 therefore could
not be confirmed. As this was pilot study with a very small sample size, the effect size was
calculated and was of small magnitude (d = .33).
Analysis of Interactions in the Collaborative Play Condition:
By examining the discourse of pairs, it was possible to observe changes in patterns of
interaction that arose because of differences in the game mechanics and the task structure within
each level but also patterns that persisted within each dyad.
Recordings from ten pairs were analyzed to see if the interactional patterns observed in
level 2.3 remained the same in level 3.3 and how it related to the pair's success in completing the
level. While two of the pairs were able to complete level 2.3 using trial and error and no
discussion of the arithmetic procedure or the geometric rules (see examples pairs 34/38 and
21/16), it was found that the open-ended task of level 3.3 made it difficult for players to
complete the level without processing and discussing the underlying concepts. This is evidenced
with pair 34/38 who not fully comprehending the concepts of complementary and supplementary
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angles continue to attempt to use trial and error to unlock the angles in level 3.3 and are
unsuccessful at completing the level. In contrast, pair 21/16 through collaborative reasoning are
able to successfully complete the level. This change in strategy is explicitly stated by player 2
who responds to player 1’s suggestion “How about we just literally try each one?” with “that’s
impossible, there’s like a million things”.
Pairs 67/68 and 92/93 are two of three pairs in which during level 2.3, despite the fact
that at least one player appears to have some idea how to find the solution, little discussion of
geometric or arithmetic reasoning takes place. In level 2.3 pair 67/68, player 1 appears to be
working alone. With pair 92/93 they appear to be agreeing on their moves but do not discuss
their reasoning for their moves in level 2.3. For pair 67/68 this pattern continues in level 3.3
where we observe player 1 saying “I got it,” right before unlocking the angle but providing no
explanation to their partner on how they arrived at their solution. With pair 92/93 however the
increased complexity of level 3.3 leads player 1 to elaborate on their own understanding in order
to help player 2 who is controlling the mouse, but they remain confused about how to complete
the level.
With only one pair was there clear evidence in the transcript from level 2.3 that the
players working together had made the connection between the arithmetic procedure for finding
the missing angle and the geometric rule introduced in the initial video. In contrast, with the
other three pairs that explicitly discussed the arithmetic procedure in level 2.3, there was no clear
connection made to the geometry rule. The tendency to discuss the procedure rather than the
concept was evident even in the rule level. With pair 54/55 for example, though they did not
have to find the value of the angle to solve level 3.3, they discussed the procedure to find the
value of the unknown angle, causing them to make a number of errors within the game.
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Discussion
The purpose of the pilot study was to compare the efficacy of collaborative and
individual play of a geometry video game for teaching geometric principles of angles and to
investigate what game features encourage productive discourse and collaboration.
The results of this study indicated no significant differences in learning outcomes
between participants who played the geometry game individually and those who played with a
partner. This held true for both conceptual understanding and procedural knowledge. I also found
no difference in intrinsic interest in the game between the two conditions. In addition to the
learning and motivational outcomes of game play, this study examined the discourse of a sample
of participants collaboratively playing the game. Through analysis of the discourse, I explored
the use of elaborative reasoning during game play in how it relates to learning outcomes. When
examining the interactions of players, it was found that there was a strong and significant
relationship between cognitive elaboration and learning outcomes. Our analysis also revealed
differences in the content and pattern of player interactions and discussion between an openended level that focused on conceptual understanding of the geometry rules and a level with a
closed task, with more collaboration and discussion of the concepts in the level with the openended task.
A number of previous studies comparing individual and cooperative and collaborative
play of serious games have also found no difference in learning outcomes between playing
individually and with a partner or group (Chen et al., 2015; Plass et al., 2013; van der Meij et al.,
2011). In a follow up interview of participants who had played collaboratively, Chen et al.
(2015) found that while some of those participants who had worked with a partner felt that it had
helped them understand the ideas in the game, others felt that their partners made it more
difficult or chose to take turns rather than collaborating. They conclude that while collaborative
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game-based learning can encourage collective problem solving, to be maximally efficient there
needs to be a positive group dynamic. In a follow up study with the same game, Chen and Law
(2016) have found that playing with others improves learning outcomes only under certain
conditions. To be beneficial it is not sufficient for learners to be instructed to work together.
Chen and Law put in place questions at the end of the game for players to discuss. With this
additional scaffold, participants in the collaborative groups outperformed those in an individual
learning condition.
Examination of the interactions of the dyads in our study suggest that additional scaffolds
may also have benefited learners in the collaborative learning condition in our study. With a
number of dyads there was little discussion of the geometry concepts in the game and when
unsure of how to proceed rather than trying to review the concepts they attempted to use trial and
error. At other times one partner gave directions on what to do or took over the play themselves
rather than providing an explanation. While the open-ended conceptual levels such as 3.3 did
encourage discussion with some of the sampled pairs, a number of the pairs became confused
and frustrated and were unable to complete this level. One possible solution would be to provide
additional scaffolds to assist the players when they become stuck. Another possible cooperative
scaffold that may have benefited our learners is the creation of interdependence between the
partners such that each player would have information needed by the other in order to encourage
collaborative communication.
Additionally in this study the use of elaborative reasoning during game play and how it
relates to learning outcomes was explored. A strong and significant relationship was found
between cognitive elaboration and learning outcomes. This was true for both conceptual and
procedural learning outcomes, but not for factual knowledge. The prediction of procedural
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learning by elaboration was contrary to our original hypothesis. It is possible that this game set
up in which only one player was controlling the mouse made it especially important that the
players provide explanation as it was possible for one player to not participate at all and therefore
not learn either the procedure or concepts. A larger sample allows us to determine if elaboration
is equally important for both conceptual understanding and procedural knowledge.
These findings support the theory that elaborated explanation is an important element in
successful collaborative learning. It is also possible however that the greater elaboration that was
seen in those pairs with greater learning gains was a result of their better understanding of the
material rather than its cause. For this reason, in future studies it is important to consider ways in
which we can manipulate this variable, perhaps by creating a scaffold within the game that
prompts players to discuss what they have learned.
I could not confirm our fourth hypothesis as there was no statistically significant
difference in the level of elaboration between the procedural and conceptual levels analyzed. I
however did find differences in the strategies used and the patterns of interactions during play of
the levels. These differences appeared to be related to both the task structure and the game
mechanics in the different game levels. While prior research by Plass et al. (2012) had
demonstrated different benefits to conceptual and number versions of the Noobs vs. Leets game,
the analysis of player interactions in this study helps to confirm how different game mechanics
influence the learning process. Although a number of the dyads discussed the arithmetic
procedure for finding the value of the angle in the procedural level, only one dyad explicitly
elaborated on the connection with the geometry rule from the chapter that was being applied. In
contrast, level 3.3 which required the players to make complementary and supplementary angles
and then choose the appropriate rule led to clear elaboration of the rule with four of the pairs.
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Chapter 4
Current Study Rationale, Research Questions, Hypotheses and Overview of Study
While no differences were found in motivation or learning outcomes between the
individual play and collaborative condition in the pilot study, the analysis of players’ interactions
confirmed the relationship between elaboration and learning outcomes. Additionally, the study
confirmed that game mechanics play an important role in the learning activities and discourse
that takes place during game play. This led to the current study designed to more directly explore
the use of the dynamic game tool as part of the “Noobs vs. Leets” geometry puzzle game. For the
current study, two new versions of the Noobs vs. Leets game were designed. One that included
the dynamic geometry and one that did not include the dynamic tool. This makes it possible to
directly test whether the dynamic tool when used as part of collaborative game play leads to
more productive discourse and greater learning games. Similarly, to the pilot study, I planned to
examine students' interactions while playing both procedural and conceptual levels.
The purpose of the current study is twofold. First is to specifically examine whether the
incorporation of an angle game mechanic in a geometry game can encourage students to
elaborate on the angle concepts when playing in pairs and if this in turn improves students'
understanding of angle concepts. Second is to examine students’ discourse while playing the
geometry game to gain insights how to effectively design games for collaborative play. The
current design provided little scaffolding to students’ interactions and game playing allowing
students to split tasks and interact in the way that they found most helpful in moving through the
game levels. This allowed dyads to take a diversity of approaches to game play and allowed for
variation in the degrees of elaboration of the mathematical concepts
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By taking a process-oriented approach to investigating students' diverse approaches to
collaborative game play, it was the study's goal to shed light on how to design games and other
learning tasks that encourage productive collaborative mathematical discourse. This study is also
unique among process-oriented studies in its use of a gamified learning environment. Game
research has generally taken a qualitative approach to examining participants’ behavior or uses a
purely quantitative approach looking at learning outcomes. Gamified learning environments are
distinct from other types of learning environments and therefore it is important to understand
specifically how students learn while playing games. Games for example may already include
sufficient feedback to the learner making interaction with peers less important. Additionally, the
reward structure of games may also make them generally less conducive to productive discourse
in that the goals of many games reward speed rather than deep conceptual understanding.
Finally, games, which are already designed to be engaging, may benefit less from collaborative
play as students are already motivated to play the game.
The mixed approach taken in this study allows us to investigate both in-game behavior,
learning outcomes, and the relation between the two. The use of multilevel modeling in this
study also adds significantly to our understanding of learning from games as it allows us to
model both group level and individual level effects on learning. The implications of this research
also extend to other formats as it helps shed light on the interaction between task design, student
discourse and learning outcomes.
Research Question 1. Will participants who play the dynamic version of the game elaborate
more and will this lead to more learning gains than playing the fixed angle version of the
game?
Hypothesis 1a: There will be more elaboration in pairs that play the angle change game
version than in pairs who play the static version of the game.
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Hypothesis 1b: There will be more elaboration during the conceptual game levels than
during the procedural game levels and this difference will be greater for the dynamic
version of the game than the static version of the game.
Hypothesis 1c: Participants who play the game version with the dynamic angle change
mechanic will make greater learning gains than participants who play the fixed angle
version of the game.
Hypothesis 1d: Higher levels of elaboration in participants’ explanations will predict
greater learning gains.
Hypothesis 1e: Individuals who play the dynamic version of the game will have greater
gains in conceptual knowledge than those who play the static version of the game. This
effect will be smaller for procedural learning outcomes.
Hypothesis 1f: Elaboration will act as mediator between game condition and learning
outcomes.
Research Question 2. Will there be differences in students’ motivation between the
dynamic version of the game and the static version?
Hypothesis 2a: Participants will have greater intrinsic interest in the dynamic version of
the game than the static version.
Hypothesis 2b: Participants will put more effort into the dynamic version of the game
than the static version.
Hypothesis 2c: Feeling of competency will be greater for the static version of the game
than the dynamic version.
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Chapter 5
Methods
Participants
One hundred and twenty-eight children (mean age =12.48 years, SD=.94) participated in
the study. Of these, 32 were in 6th grade, 56 in 7th grade, and 40 in 8th grade. Study participants
included 45 students who identified as female, 78 as male and 5 who did not report their gender;
83 identified as Latino or Hispanic only, 10 as Asian, 5 as Black, 1 as White, 11 as other and 13
as multiple races or ethnicities, and 5 did not report an ethnicity. Of the participants, 121
completed both pre and posttest and were used in the analysis of learning outcomes (See table 1
for demographics of those who completed pre and posttest). Of the 61 pairs where both
participants reported gender, 30 were pairs of boys, 12 were pairs of girls and 19 were mixed
gender. The overrepresentation of males was due to the fact that one of the after-school groups
that participated was for boys only. Unfortunately, due to equipment limitations, recordings
usable for analysis of student interactions were obtained from only thirty six pairs. Of the 36
pairs that were recorded and completed enough of the game to have their dialogue coded,
individual pretest and posttest scores were available for 69 participants with two individuals not
completing the pretest and one not completing the posttest. Among those pairs for whom
recordings were obtained, 18 were pairs of boys, 9 were pairs of girls and 9 were mixed gender.
11 participants from six of the pairs did not progress far enough in Chapter 2 to code for
elaboration in that section of the game. This gave 58 participants and 30 pairs for the complete
analysis. Students were recruited from ethnically and socioeconomically diverse schools and
summer programs in NYC. Testing took place at three locations, two Catholic schools during the
school day and at a boys only summer program.
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Table 1: Participant Demographics

Measure
Gender
Female
Male
Grade
6
7
8
Missing
Ethnicity/Race
Asian
Black
Latino
Other
White
Multiple races or
ethnicities
Program
School A
School B
Summer Program

Full Sample
(n =121)
n
%

Recorded
Sample 1
(n =58)
n
%

Recorded
Sample 2
(n =69)
n
%

45
76

37.2
62.8

23
35

38.3
61.7

26
43

37.7
62.3

31
52
37
1

25.8
43.3
30.8

14
30
14

26.7
50.0
23.3

20
35
14

29.0
50.7
20.3

9
5
82
11
1
13

7.4
4.1
67.8
9.1
.8
10.7

9
1
34
6
1
7

15.0
1.7
60.0
10.0
1.7
11.7

9
3
41
7
1
8

13.0
4.3
59.4
10.1
1.5
11.6

60
30
31

49.6
24.8
25.6

21
16
21

35.0
38.3
26.7

22
25
22

31.9
36.2
31.9
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Recruitment Procedure
Students were recruited through their schools. Teachers, principals and after school
administrators were sent recruitment emails. After gaining the consent of the teacher and
administrators, letters of introduction and permission forms were sent home to parents. The
sample size aimed to be recruited was based on the recommendations of Maas and Hox (2004)
that 50 groups is sufficient for estimating fixed effects, contextual effects and correct standard
errors.
Materials
Game Description and Features
Noobs vs. Leets is a modifiable geometry puzzle game designed to teach geometry
concepts to middle school students (Plass et al., 2012). Concepts taught in the game include
angle types, complementary angles and supplementary angles. The basic mechanics of the game
involve solving for missing angles in a “maze” that will allow a “Noob” to be freed, saving it
from the “Leets”. The version of the game for the current study is divided into three chapters,
with each chapter further divided into multiple levels. Chapter 1 levels teach the mechanics of
the game. Chapter 2 provides practice in identifying complementary, supplementary and interior
angles of a triangles. Chapter 3 provides practice in finding the value of unknown angles using
the rules learned in Chapter 2. Chapter 2 is preceded by three 30 second videos teaching defining
complementary, supplementary and interior angles of a triangle.
The game versions being used in this study were modified from the pilot based on
feedback and result of the pilot. It was decided that all concepts should be incorporated into a
single chapter so that participants would be exposed to all of the major concepts of the game.
Both game versions used in this study, like the one used in the pilot, include both conceptual
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levels, in which students must choose the correct geometric rule, and procedural levels, in which
players must find the value of a missing angle. In this study however, only one version of the
game includes the game mechanism that allows players to change the angles (fig 1) while in the
second version of the game all angles are fixed (fig 2).
Description of Chapters and Levels in the Two Game Versions Used for the Current Study
Chapter 1: Instructional Levels and Right Angles
Identical in both game versions: Designed to teach players how to play the game
Chapter 2: Conceptual Levels teaching concepts of Complementary, Supplementary and
Interior angles of triangles.
Static game version: Players must choose the angles that are complementary, supplementary or
the three interior angles of a triangle
Dynamic version: players can adjust the angles, so they become complementary or
supplementary allowing use of the rules to unlock the angles

Figure 3: Game level 2.4 Static Version: players must select complementary or
supplementary angles
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Fig 4: Game level 2.4 Dynamic Version: players must create supplementary or
complementary angles
Chapter 3: Procedural Levels teaching how to find the value of the missing angles using the
rules learned.
Identical in both game versions

Fig. 5: Game level 3.1: Players must find the value of the missing angles
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Measures
Demographic Questionnaire
The demographic questionnaire contains 6 items: school type (public or private),
race/ethnicity, gender, age, grade level, language(s) spoken at home.
Pre and Posttests
A pretest was used to control for differences in preexisting ability and knowledge of
geometry rules. The pretest had 10 items covering knowledge of angles. Initially the posttest had
17 items. Two items from the posttest were dropped for the final analysis leaving a 15-item
posttest with a maximum score of 20. One item was removed due to not having a clear correct
answer and the second item was removed because it lowered the internal consistency reliability
of the posttest; its item-total correlation was lowest and it had the lowest difficulty with 87.8% of
participants answering it correctly. The value of Cronbach’s Alpha for the 15 items of the post
test included in the analysis was α= .79 for standardized items. For the 4 item basic procedure
subscale α= .62 and for the 6 item concepts subscale α= .66. Items on the posttest were designed
to assess a participant’s understanding of the game concepts and test students’ ability to find
unknown angles as outlined by the common core standard for 7th grade geometry
(CCSS.Math.Content.7.G.B.5) that requires students to be able to “Use facts about
supplementary, complementary, vertical, and adjacent angles in a multi-step problem to write
and solve simple equations for an unknown angle in a figure.” In addition, an item was added
from Carroll (1998) that was designed to measure students’ reasoning based on Van Heils’s
theory of geometric reasoning. The item asks students to explain why a triangle can or cannot
have two right angles. A full detailing of the items in the posttest can be found in Appendixes C,
D and E.
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Items on the posttest have been classified based on the type of knowledge that they

require. For this study, I utilized a broad definition of conceptual knowledge which includes both
declarative knowledge, or knowledge of facts, and conditional knowledge, an understanding of
relationships. Ubuz and Ayidin (2018) discuss each of these three types of knowledge within the
domain of geometry, giving the example of different types of knowledge with regards to
isosceles triangles. The ability to identify an isosceles triangle is declarative knowledge, the
ability to find an interior angle of an isosceles triangle using known properties is procedural,
while being able to justify an if then statement about isosceles triangles would be conditional.
This framework was used to classify each of the items in the pre and posttest. In addition, the
framework of van Hieles’ theory of geometry development was used to evaluate students’
responses to the conditional item with level 1 being basic recognition of figures, level 2 ability to
define objects by their properties, level 3 analysis of relations, level 4 deductive competence
(being able to generate a basic proof) and level 5 being an understanding of the role of logic in
deductive reasoning. In middle school, few students are beyond level 2.
Three sub scores were calculated from the posttest: a conceptual sub score which
included the declarative item and conditional the item (items 1, 3, 6 10, 11 and 14 form the
original version of the posttest) and a procedural sub score that included the basic procedural
items only (items 4, 5, 7, and 9) and transfer items (items 12, 13, 15,16 and 17 ). As items 2 and
8 were dropped they are not included in any of the sub scores or the total posttest scores.
Intrinsic Motivation Scale
This scale consists of three of the subscales of the Intrinsic Motivation Inventory:
interest/enjoyment, perceived competence and effort/importance (full inventory and scale
description and manual available from selfdeterminationtheory.org). The intrinsic inventory is
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based on the self-determination theory of Ryan and Deci (2000). The version of the scale for this
study has a total of 18 items scored on Likert scale from (1) strongly disagree to (7) strongly
agree. The interest/enjoyment subscale is the self-report measure of intrinsic interest and consists
of seven items (e.g., “I enjoyed doing this game very much”.) The perceived competence
subscale consists of seven items (e.g., “I think I did pretty well at this activity, compared to other
students”) and the effort/importance subscale has five items (e.g., “I put a lot of effort into
playing this game”). The subscales were designed for use on their own or in combination with
other subscales. The inventory was designed such that it can be adapted for use with different
activities without impacting its reliability. The inventory and its component subscale have been
used in numerous studies including many in educational and gaming contexts. McAuley et al.
(1989) conducted a psychometric analysis of the inventory and confirmed the factor structure of
the inventory. The Cronbach's alpha reliability for their adaptation of the subscales were:
interest/enjoyment (α= .78), perceived competence scale (α=.80), and effort/importance (α= .84).
Procedure
Participants completed all stages of the study in a single hour within their classrooms.
Participants completed the pretest, achievement goal orientation assessment and demographic
questionnaire individually.
Participants were randomly paired within each classroom at each site. Each pair was
randomly assigned to a condition. Pairs worked together on the same computer with a single
mouse. The choice to use a single player game with only one mouse was intentional as the goal
is to have participants work through the game collaboratively rather than dividing tasks. Students
were instructed to make sure to watch the videos and explain the new concept introduced in the
chapter. Participants were also instructed to discuss the game during play and to jointly make
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decisions about game play. They were then given 45 minutes to play as many game levels as
they could. The last 5 minutes players were instructed to move to chapter 3 (the procedural game
levels) if they had not yet advanced to that chapter and complete that chapter’s game levels. The
researcher and assistant circulated during game play and students were instructed to go back and
review the video. When necessary game instructions were repeated to the students.
Following game play participants returned to sit in their individual seats and completed
the intrinsic motivation individually followed by the posttest.
Plan of Analysis
Coding of Student Explanations
Player interactions were transcribed from recorded video of game play made using
Screen flow software. The levels of game play chosen for analysis were levels 2.4 and 2.5 and
3.1 and 3.2. Levels 2.4 and 2 .5 are rule level problems that require knowledge of the rule but do
not involve carrying out the procedure while level 3.1 and 3.2 are procedural levels in which
players must find the value of the unknown angle. Student discourse for each problem-solving
episode was coded based on a schema adapted from Webb et al. (1995) and the pilot study.
Slight alterations were made to the coding scheme to better fit the problems in the game. Each
problem-solving episode was given a score for the highest level of explanation heard during that
problem solving episode from level 1: no explanation to level 6: fully elaborated explanation.
Table 2 below includes a description of level of elaboration along with examples from the pilot
study.
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Table 2: Elaboration coding scheme with example from pilot study
Level of Elaborative
Reasoning

Examples from game level 2.3 in
which students have to choose
the right value for an unknown
angle

Examples form game level 3.3 in
which students have to make a 180
degree or 90-degree angle and then
choose the angles that are
supplementary or complementary.

Level 6: Labeled
explanation. Verbally
labeled explanation of how
to solve part or all of the
problem

“Ok 40 because 50 minus 90 is
40”
“No, you wanna do 50 as well
it’s the 50 and the”
“This is the complementary
angle”

“Wait no you have to make this
180-degree angle, so you have to
make that straight. Then you click
these two. 70 and the lock and you
will make it supplementary.”

Level 5: Unlabeled
numerical rule or statement
of geometric rule. Numerical
rule with no verbal labels for
the numbers

“It has to be 90, 50 plus 40,
yes.”

No example

Level 4: Numerical
expression Numbers and
arithmetic operations

No example

Level 3: Sequence of
unconnected numbers or
operations

“That one there 40 because it is
90”

No example

Level 2: Answer only.
Single numerical answer to
part or all of the problem

”40”
” It might be 40.”
“See I was right.”

“90”
“Should I?”
“I got it.” (solved) “Yes!”

Level 1: Non-content or no
response. Non informational
response or no response to
question or error

“What number was it?”
“I don’t know what I did, but it
worked. I don’t know.”

“What is complementary angle?”
“Let’s see”

“25 plus 35”

(Die)
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For the pilot study a second rater reviewed the transcript for the level of explanation.
Interrater reliability based on the pilot data was high (weighted Kappa=.8). This was based on a
single explanation code given for the pair. In the current study interrater reliability was also
calculated based on 53 codes for 9 pairs and found to be acceptable (weighted Kappa=.77).
Statistical Analyses
Hierarchical linear modeling (HLM) was used to analyze the effect of game condition on
learning and intrinsic motivation (hypotheses 1 and 2). Multilevel modeling is needed as the data
is nested with elaboration coded for the pair, while the outcome measures are individual. A twolevel model was used with level one being the individual and level two the dyad. The pilot data
also indicated an intraclass correlation of .25 indicating that 25% of the variance in learning
outcomes was due to differences between pairs, indicating that there exists variability between
groups that need to be explained by the group level factors. Similarly, in the current study, the
Intraclass correlation calculated from the null model with posttest as the dependent was .28 for
the full sample and .26 for the sample for which discourse was recorded indicating the need for a
multilevel model. The following control variables were initially tested as predictors: testing site,
gender, pretest score and grade. For the larger sample it was possible to test a three-level model
with the 121 participants clustered into pairs that were clustered in ten classrooms. For the
sample of recorded participants, the sample size was too small, and a three-level model resulted
in overfitting the data.
To test the hypothesis that condition affects the level of elaboration (hypothesis 1c, a
regression analysis was conducted to determine if the independent variable of game condition
(static or dynamic) predicted dyads’ elaboration scores. In addition to game condition, a number
of covariates were tested as predictors in the model to control for their possible effects on the
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degree of elaboration. The variables that were tested in our models were pretest score, grade, and
gender. Gender and grade were dropped as they did not significantly predict learning outcomes
after inclusion of pretest scores. In addition to running an analysis with the whole posttest as the
outcome variable, separate analyses were run for two types of knowledge: procedural and
conceptual (included both conditional and declarative posttest items).
Additional Qualitative Analysis
To better understand why some pairs showed greater learning gains than others, and why
some of our hypotheses were not supported, four dyads for each game condition (one for grade 6,
one for grade 7 and one for grade 8 plus one from the summer program) were selected for more
in-depth analysis. The samples were chosen so that there was a variety of initial performance
levels and learning gains. Initial review of students’ discourse revealed not only differences in
level of understanding but also in the focus of students’ discussion, the extent to which students
worked together to solve the puzzles and how well the students got along. The analysis therefore
looked at three factors that have been found to be important to successful cooperative and
collaborative learning: the foci of negotiation, the reasoning state, and the positivity of social
rapport. Analysis of the foci of negotiation are based on three different foci (mathematical, sociomathematical and social identified in the Chan & Clarke (2017) study(Table 3): In our context,
the socio-mathematical norms were expanded to include discussion around the procedures and
rules of the game unrelated to the mathematical concepts, for example, how to move the
character through the puzzle or how many lives they have remaining. Analysis of reasoning state
(Table 4 )and social rapport (Table 5) were based on the framework used by Olsen and
Finkelstein (2017).
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Table 3 : Description of Coding Scheme for Foci of Negotiation
Foci of Negotiation

Description

Mathematical norms

Mathematical facts and procedures required for completion of the

Socio-mathematical
norms

Related to forms of acceptable solutions, and the reciprocal
obligations of partners in problem solution. Including discussion
procedures and rule of the game.
All other social interactions obligations, agency, responsibilities
and acceptable behavior within the group

Social Norms

Table 4 : Description of Coding Scheme for Reasoning State
Reasoning State

Description

Passive-Passive:

Neither partner is talking about the problem or the solution

Passive-Active:

Only one partner is talking about the problem and solution

Constructive:

Partners are both talking about the problem and offering solutions
but not building on each other's understanding

Interactive:

Students are responding to each other’s questions and solutions
indicating co-construction of solutions

69

Table 5: Description of Coding Scheme for Rapport States
Rapport State

Description

Low rapport:

Indication of negative interactions and lack of cooperation between students
such as “stop it” said in annoyed tone

Neutral rapport.

Interaction between partners that indicate agreement without showing any
evidence of joint interest in the games progress such as “go ahead”

Positive rapport:

Interaction between partners that indicate coordination and joint interest in the
games progress such as “we could click on the 60”

Very high rapport.

Indication of high levels of coordination between partners and positivity such as
“yes!” we are both smart
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Chapter 6
Results
Individual Learning Outcomes and Game Performance
Means and standard deviations for pretest and posttest scores are presented in tables 6
and 7 below. Note that the pre test had a maximum score of 10 and only included basic concepts
and procedures and included 4 items that test knowledge of angle types for a max score of 20.
The posttest included many additional items including transfer items and did not include items to
test for knowledge of angle types as this was considered preexisting knowledge and not a
learning objective of the game. Therefore, scores on the pretest and posttest are not directly
comparable. However, there were 6 items that were parallel in the pretest and posttest which
covered the primary learning objectives of the game. To determine if there had been learning
gains, a paired sample t-test was conducted comparing total score on the 6 parallel items on
pretest and posttest. The results from the 6 parallel items on the pretest (M = 2.52, SD = 1.43)
and posttest (M =3.31 SD =1.73) indicate that the 30 minutes of game play resulted in significant
learning gains, t (120) = 5.59, p < .0001. Cohen’s d=.53. Levels completed were available only
for the 36 recorded pairs. The median game level reached in Chapter 2 for the 14 recorded pairs
who played the static version of the game was level 8 out of 9 levels and level 5 out of 9 for the
22 pairs who played the dynamic version of game.
Table 6
Means and Standard Deviations for Pretest and Posttest
Pretest
Posttest
(max score=10)
(max- score =20)
Game
Game
Condition
M
SD Condition
M
SD
n
n
Static
6.52
1.70 Static
8.24 4.12
58 58
Dynamic
6.13
1.82 Dynamic
8.08 4.24
63 63
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Table 7
Means and Standard Deviations Posttest Sub scores by Condition
Conceptual
Basic Procedural
Transfer
Knowledge
Knowledge
Knowledge
(max score=9)
(max score= 4) (max score=7)
Condition
M
SD
M
SD
M
SD
4.17
2.20
Static (n=58)
2.59
1.27
1.49
1.45
2.31
Dynamic(n=63) 3.87
2.60
1.29
1.60
1.47

In Research Question 1: Will addition of the dynamic game mechanic to the Noobs vs.
Leets geometry game lead pairs to elaborate more on the mathematical concepts and will
this lead to improved learning?
To test the hypothesis that pairs playing the game with the angle change mechanic would
elaborate more on the mathematical procedures and concepts, the degree of mathematical
elaboration was coded for two of the game levels in Chapter 2 as well both game levels in
Chapter 3. Chapter 2 level 4 and Chapter 2 level 5 both had two angles that needed to be
unlocked to solve the puzzles providing four problem solving episodes for coding. Chapter 3
level one had three angles to unlock while level two had four angles providing 7 problem solving
episodes. The highest level of elaboration and average elaboration level were calculated and
compared for pairs who played the two versions of the game. Averages were computed for pairs
that partially completed levels based on the problems that had been completed. Thirty-six pairs
were coded for Chapter 3 and as six pairs did not progress to chapter 2 level 4 elaboration scores
were coded in Chapter 2 for thirty pairs.
A mixed model ANOVA was used to test hypotheses 1a and 1b that the level of
elaboration would be greater for the conceptual levels than procedural levels and that this
difference would be greater for those dyads that played the dynamic version of the game than
those who played the static version of the game. Mean average elaboration scores for the static
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condition (EMM=2.957, SE=.285 n=13 pairs) and dynamic condition (EMM=3.125 SE=.285,
n=17 pairs) were not found to be significantly different (F=.196, df = 28, 1, p = .662),ETA=.001.
Similarly, no difference was found in the highest level of elaboration for pairs who played the
static (EMM=4.308, SE=.379,), and the dynamic game (EMM=4.176, SE=.331), F=.068,
df=28,1, p=.796, ETA=. 000Therefore, hypothesis 1a that dynamic mechanic led to greater
elaboration when playing the game was not supported.
The average level of elaboration was found to be significantly higher for the conceptual
levels in Chapter 2 (EMM=3.303, SE=.241) than the procedural levels of Chapter 3
(EMM=2.779, SE=.191), F=5.97, df=28,1 p=.021), ETA= .172. However, no significant
difference was found in the highest level of elaboration pairs engaged in while playing Chapters
2 (EMM=4.262, SE=.299) vs Chapter 3 (M=4.222, SE=.265), F =.025, p=.876 df=28,1,
ETA=.000. There was also no significant interaction between chapter level and condition.
Therefore, while there was greater average level elaboration in Chapter 2 than in Chapter 3 there
was no indication that this difference was greater in the game version with the angle change
mechanic than in the game version without this mechanic therefore providing only partial
support for hypothesis 1b.
Effect of Condition and Elaboration on Learning Outcomes
I used HLM to examine whether condition and elaboration predicted learning outcomes.
The sample included in this analysis consisted of 58 participants from 30 pairs (17 who played
the dynamic version of the game, 13 who played the static version of the game ). This was the
total number of participants who had completed all relevant levels in both chapters 2 and 3 of the
game and had completed the pretest and posttest. Significant positive correlations were found
between highest elaboration scores, pretest, and posttest sub scores for procedural knowledge
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and conceptual knowledge. Correlations between learning outcomes at posttest and average
elaboration scores, however, were not significant. (See Table 8)
Table 8
Correlation Matrix for Key Measures (N = 58)
Measure
2
3
4
1. Pretest
.62***
.42**
.28*
2. Posttest
.34**
.09
3. Elaboration (highest)
.66***
4. Elaboration (average)
* p < .05 (two-tailed). ** p < .01 (two-tailed). *** p < .001 (two-tailed).
To test whether condition elaboration scores and predicted learning outcomes as
hypothesized when controlling for prior knowledge and participant characteristics, two level
HLM full likelihood models were run as three level models resulting in overfitting of data. The
two-level model was appropriate as the ICC=.1527 for the null model indicated that 15.27% of
the variance could be explained by differences between pairs. Two pair level predictor variables:
elaboration (highest level of elaboration or average level of elaboration) and condition were
included in each model. Pretest, grade and gender were initially included as control variables as
all were found to correlate with posttest scores, but gender and grade were dropped as they were
not significant predictors and did not improve model fit. Models including an interaction
between average elaboration and pretest and between condition and elaboration were also tested.
The interaction terms were not significant and did not improve model fit so interaction terms
were not retained in the final model. The two final models tested are shown below. A third
model was also tested for comparison with condition only. Models shown use Wilkinson- Rogers
Notation (Wilkinson & Rogers, 1973)
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Model 1: Model with Highest Elaboration Score
Posttest ~ β0+ Pretest +Condition + Highest Elaboration Score+(1|DYAD)+ error
Model 2: Model with Average Elaboration Score
Posttest ~ β0+ Pretest +Condition + Average Elaboration Score +(1|DYAD) + error
After controlling for pretest scores, condition was not a significant predictor of posttest
scores in either model 1 (β= .26, p=0.90) or model 2 (β= .37, p=.92). Elaboration scores were
also not predictors of learning outcomes in model 1 using highest elaboration (β= .36, p=0.39),
or model 2 using average elaboration (β= -.39, p=0.41). Therefore, neither hypothesis 1c that
students in the dynamic condition would have better overall learning outcomes than those who
played the static version of the game nor hypothesis 1d that elaboration would predict greater
learning could be supported. (See Table 9).
Additional analyses were conducted separately for procedural and conceptual items as the
dependent variables. Procedural items included only items that required knowledge of the basic
procedures taught in the game and did not include items that required transfer to different
problem types. The results did not provide support for hypothesis 1e, that the addition of the
dynamic game mechanic would have greater impact on conceptual than procedural learning
outcomes as no effect for condition was found for either conceptual knowledge or procedural
knowledge (Tables 10 and 11). In examining the relationship between elaboration scores and the
two types of knowledge, it was found that neither highest elaboration nor average elaboration
scores significantly predicted the scores on the procedural knowledge or conceptual knowledge
items after controlling for prior knowledge. (Note the models used to predict the conceptual
knowledge scores was obtained from a two-level model as a three-level model resulted in a
singular fit.)
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Table 9: Estimates for Posttest Learning Outcomes

Model 1
(Includes highest
elaboration score)

Model 2
(Includes average
elaboration score)

Model 3
Not including
Elaboration

Fixed
Estimate
Std. Error Estimate
SE
Estimate SE
Effects
Intercept
- 1.80.
2.15
.18
1.95
-0.64
1.71
Pretest
1.40 ***
0.27
1.55**
.25
1.49
0.25
Elaboration
0.36
0.42
-.39
0.48
X
X
Dynamic
0.26
0.90
.37
0.92
0.31
0.92
Game
Random
Variance SD
Variance
SD
Variance SD
Effects
Dyad
1.48
1.22
1.37
1.17
1.62
1.27
Residual
9.33
3.05
9.32
3.05
9.24
3.04
AIC
301.5
313.6
312.3
* p < .05 (two-tailed). ** p < .01 (two-tailed). *** p < .001 (two-tailed). Sample with
elaboration scores for chapters 2 and 3 (n=58, dyads=30)
Table 10: Estimates for Procedural Learning Outcomes
Model 1
Model 2
(Includes highest
(Includes average
elaboration score)
elaboration score)
Fixed Effects
Coefficient
SE
Coefficient
SE
Intercept
.34
.60
.84
.55
Pretest
.26***
.08
.31***
.07
Elaboration
.20
.20
.19
.25
Dynamic Game
.20
.25
-0.05
.13
Random Effects
Variance
SD
Variance
SD
Dyad
0.05
0.22
0.02
0.14
Residual
0.82
0.91
0.86
0.94
AIC
168.6
169.7
*p < .05 (two-tailed). ** p < .01 (two-tailed). *** p < .001 (two-tailed). Sample with Chapter 2
and 3 elaboration scores (n=58, dyads=30)
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Table 11 Estimates for Conceptual Learning Outcome

Fixed Effects

Model 1
(Includes highest
elaboration score)
Coefficient
SE

Model 2
(Includes average
elaboration score)
Coefficient
SE

Intercept
-.05
0.40
-.04
0.40
Pretest
0.59***
0.17
0.65***
0.16
Elaboration
0.17
0.25
-.05
0.28
Dynamic Game
0.09
0.54
0.07
0.54
Random Effects
Variance
SD
Variance
SD
Dyad
0.00
0.00
0.000
0.00
Residual
4.16
2.04
4.19
2.05
AIC
259.3
259.7
* p < .05 (two-tailed). ** p < .01 (two-tailed). *** p < .001 (two-tailed). For Sample with all
elaboration scores (n=58, dyads=30)
Analysis using Chapter 3 elaboration scores
As Chapter 3 was identical for both versions of the game and more participants
completed these levels, it was decided to complete a separate analysis using elaborations scores
for just Chapter 3. For this analysis there were thirty-six pairs and 69 individuals (22 pairs who
played the dynamic version of the game and 14 who played the static version.) With this sample
it was possible to fit a three-level model with 36 pairs nested within three school settings (school
a, school b and summer program). ICC at the school level was .00827. The three-level null
model indicated that 8.27 % of the variance was due to differences between school programs,
while the ICC at level two indicated that 28.27 % of the variance was due to differences between
dyads.
Model 1: Posttest ~ β0 + Pretest + Highest Elaboration Chapter 3 + Dynamic +Condition +
(1|School) + (1|School: Dyad) +error
Model 2: Pos-test ~ β0 + Pretest + Average Elaboration Chapter3 + Dynamic +Condition
+ (1 |School)+ (1|School: Dyad) + error
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Neither the highest level of elaboration in Chapter 3 (β=.37, p=.26) nor the average level
of elaboration in Chapter 3 (β=.06, p=.89) were significant predictors of posttest total scores.
Condition was not a predictor of posttest total scores in either model 1 (β=.07, p=0.93) or model
2 (β= 0.01, p=.99). (See Table 12). Additional analyses were conducted separately for the subsets
of procedural and conceptual items as the dependent variables. In examining the relationship
between elaboration scores and the two types of knowledge it was found that highest elaboration
in level 3 significantly predicted the scores on the procedural knowledge items after controlling
for pretest (β=0.21, p= 0.03), but the average level of elaboration did not (β=0.08, p= 0.56).
(Table 13). Model comparison showed that the model with highest elaboration score was
significantly better at predicting procedural knowledge than the model with condition and pretest
only (𝜒𝜒2 = 4.89, p=.03). Highest level of elaboration in Chapter 3 did not significantly predict
scores on the conceptual knowledge items of the posttest (β=0.16, p=.40) nor did average level
of elaboration (β=0.17, p=0.49). (*Note the models used to predict the conceptual knowledge
scores was obtained from a model with only two hierarchal levels as to avoid singular fit.) No
effect for condition (dynamic vs static) was found for posttest total scores, procedural knowledge
or conceptual knowledge sub scores (Tables 13 and 14). Therefore, hypothesis 1d, that
participants in the dynamic condition would have more learning gains, was not supported.
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Table 12: Estimates for overall Learning Outcome Using Chapter 3 Elaboration Scores
Model 1 included highest elaboration score, Model 2 average level of elaboration
(n=69, n dyads=36)

Fixed Effects

Model 1
(Includes highest
elaboration score)
Estimate StE

Model 2
(Includes average
elaboration score)
Estimate
SE

Model 3
without
Elaboration
Estimate
SE

Intercept
-1.49
1.76
-0.58
1.75
-0.47
Pretest
1.39***
0.20
1.47***
0.20
1.48**1
Elaboration
0.37
0.32
0.07
0.44
X
Dynamic Game
0.07
0.83
0.01
0.85
-0.02
Random
Variance SD
Variance SD
Effects
Dyad
1.54
1.23
1.83
1.35
1.86
School
.47
0.68
0.23
0.49
0.19
Residual
8.30
2.88
8.31
2.88
8.32
AIC
354.6
369.7
355.7
* p < .05 (two-tailed). ** p < .01 (two-tailed). *** p < .001 (two-tailed).

1.45
0.19
X
0.86
1.36
0.44
2.88

Table 13: Estimates for Procedural Learning Outcome Using Chapter 3 Elaboration Scores
Model 1 included highest elaboration score, Model 2 average level of elaboration
(n=69, n dyads=36)

Fixed Effects
Intercept
Pretest
Elaboration
Dynamic Game
Random Effects
Dyad
School
Residual
AIC

Model 1
Model 2
(Includes highest
Includes average
elaboration score
elaboration score
Coefficie Standard Coeffici
SE
nt
Error
ent
0.25
0.51
0.21
0.52
0.32***
0.06
0.36***
0.06
0.21*
0.09
0.08
0.13
0.00
0.24
-0.04
0.25
Variance SD
Variance SD
0.07
0.26
0.11
0.84
0.05
0.22
0.03
0.73
0.78
0.88
0.80
1.48

Model 3
No
elaboration score)
Estimate
SE
0.38
0.37***
X
-0.05
0.10
0.02
0.82

0.44
0.06
X
0.26
0.33
0.17
0.90

200.5
205.5
203.4
* p < .05 (two-tailed). ** p < .01 (two-tailed). *** p < .001 (two-tailed)
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Table 14: Estimates for Conceptual Learning Outcome Using Chapter, 3 Elaboration Scores:
Model 1 included highest elaboration score, Model 2 average level of elaboration
(n=69, n dyads=36)

Fixed Effects

Model 1
(includes highest
elaboration score
estimate
SE

Model 2
Includes average
elaboration score
Estimate
SE

Intercept
Pretest
Dynamic Game
Elaboration
Random Effects
Dyad
Residual

0.19
0.63***
-0.06
0.16
Variance
0.01
3.89

0.10
0.65***
-0.08
0.17
Variance
0.03
3.89

1.02
0.13
0.49
0.18
SD
0.10
1.97

1.00
0.12
0.49
0.25
SD
0.16
1.97

Model 3
No
elaboration score
Estimate
SE
0.25
0.67
-0.10
X

0.86
0.12
0.49
X

0.05
3.89

.22
1.98

AIC
301.7
304.0
300.4
* p < .05 (two-tailed). ** p < .01 (two-tailed). *** p < .001 (two-tailed).sample includes
participants with partial elaboration scores
Hypothesis 1d that elaboration would predict greater learning was partially supported
with the highest level of elaboration in Chapter 3 predicting procedural learning outcomes.
However, neither conceptual learning outcomes nor overall posttest scores were predicted by
elaboration after controlling for pretest scores. No support was found for hypothesis 1c that
students in the dynamic condition would have better overall learning outcomes than those who
played the static version of the game as the condition was not a predictor of learning outcomes in
any of the models.
Analysis of the Effect of Game Mechanics using Full Sample.
As the sample in the prior analyses were fairly small, an analysis of the effect of
condition was done with the full sample by not including the elaboration predictor variables.
Participants' mean scores at pretest were similar for the static (M=6.13 SD=1.68, N=60) and
dynamic condition (M=6.55, SD=1.86 N=66), t(124) = 1.47, p=.096. Of these, fifty-eight
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participants in the static condition completed the posttest (M=8.24, SD=4.12) and 63 participants
in the dynamic condition completed the posttest (M=8.08, SD=4.24). For this larger sample it
was possible to fit a three-level model using classrooms rather than schools as the level 3
grouping variable. The data was nested at three levels with 121 individuals being nested within
64 pairs and 64 pairs nested in 10 classrooms. ICC level 2 (pairs) = .284 and ICC level three
(school program) =.09. This indicates that there exists variability between groups that needs to be
explained by group level factors. To test hypotheses 1c three level HLM full likelihood model
was run with posttest as the outcome variable and predictors: condition, pretest, grade (note this
is a level 1 variable as some of the summer school classrooms had students from multiple grade
levels) and Gender. Grade and gender were not significant predictors and resulted in overfitting
of the model and were dropped from the model.
Only pretest was a significant predictor of posttest scores ( β=1.388, t = 7.831, p <.001, df
=120.99). Results indicated that condition was not a significant predictor of posttest performance
after controlling for pretest (β= .37, p=0.61). In addition, a model was tested for interactions
between condition and pretest score as it was possible that the conditions were differentially
effective in teaching the geometry concepts for participants at different levels of prior
knowledge. No significant interaction between condition and pretest score was seen. Hypothesis
1c was therefore also not confirmed with the larger sample and there was no indication of any
differences in learning outcomes between players who played the dynamic version of the game
and the static version of the game. Additionally, analyses were completed on 121 participants to
compare performance between the two conditions on the subset of conceptual and procedural
knowledge items.
Mean scores also appeared similar for the procedural and conceptual learning outcome
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types in the two conditions. A three level model was not able to be fit for procedural knowledge
so a two level model was used. ICC for the two level model predicting procedural knowledge
indicated ICC=.21. In the three-level null model predicting concepts; level 2 ICC=.13 and level 3
ICC=.05 for a null model. Condition did not explain a significant amount of the variance for
either the procedural subset of items (β=-0.44, p=.25) or the conceptual items (β=-0.08, p=0.85).
Model comparisons showed that the addition of condition and the interaction between pretest and
condition as predictors did not improve the model fit. With this larger sample, there was no
indication of any differences in learning outcomes on any of the item types between players who
played the dynamic version of the game and the static version of the game. As condition was
neither a significant predictor of the students’ mathematical elaboration nor of learning outcome,
hypothesis 1f that elaboration would act as mediator between condition was not relevant.(See
Table15.)
Table 15 Estimates for Posttest Learning Outcome with Full Sample (does not include
elaboration scores)
(n=121, n Dyads=64)
Full
Posttest
Fixed
Effects
Intercept
Pre-Test
Dynamic
Random
Effects
Dyads
School

Estimate
-0.73
1.39***
0.37
Variance
3.93
0.41

Procedural
Items

Conceptual
Items
SE
1.28
0.18
0.72
SD
1.98
0.64

Estimate
0.15
0.61***
-0.08
Variance
0.91
0.19

SE

Estimate

SE

0.39
0.11
0.40

0.02
0.39***
0.17

0.39
0.05
0.21

SD
0.95
0.43

Variance
0.23
X

SD
0.48
X

Residual
7.77
2.79
3.10
1.76
0.88
0.94
REML at 633.2
511.3
361.8
Converg
ence
* p < .05 (two-tailed). ** p < .01 (two-tailed). *** p < .001 (two-tailed).
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Research Question 2: Will there be differences in students’ motivation between the
dynamic version of the game and the static version?
Students' intrinsic motivation for the two games was measured using three components of
Ryan and Deci’s (1982) motivational inventory: interest, effort and competency. All 96
participants completed all the motivation measures: 54 who had completed the dynamic version
of the game and 42 who had played the static version of the game. As participants were paired
and clustered in schools, there was no independence between observations. To account for this, a
multi-level model was tested for each of the motivational outcome measures. For interest and
effort, a three-level model was used. For competency, a three-level model resulted in a singular
fit, so a two-level model was used. (Interest: ICC Level 2=.59, level 3= .16 Effort: ICC level
2=.32, level 3=.12; Competency: ICC level 2=.41). The only significant predictor of any of the
motivation variables was gender, with boys providing higher ratings on both the interest and
competency scales of the intrinsic motivation inventory than girls. Interest: β=0.79, p =.01,
Competency β= 0.61, p =0.04. Game condition was not a significant predictor of any of the
motivational outcome variables. Mean interest for the dynamic version of the game was 4.58,
SD= 1.57was slightly higher than for the static version of the game 3.97, SD=1.70 but after
controlling for gender and pretest, condition was not a significant predictor of interest (β=.48,
p=.23). Game condition was also not a significant predictor of effort with mean rating 4.60,
SD=1.84 for the dynamic condition and 4.55, SD=1.37 for the static condition (β =.05, p =.89).
Similarly, condition did not significantly predict differences in feeling of competency (Dynamic
M =4.77 SD =1.65; Static Mean M=4.41 SD= 1.40), β=. 33, p=.35. (see Table 16). Multilevel
level models were also run with interaction terms to test if there was an interaction between prior
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knowledge and game condition. Pretest was unrelated to the motivational measures and did not
interact with condition in students’ rating of interest, effort or competency.
Table 16 Estimates for Motivational Outcome Measure (n-96)
Fixed
Effects
Intercept
PreTest
Dynamic
Gender
Random
Effects
Dyads
Program
Residual

Interest
Estimate

SE

Competency
Estimate SE

Effort
Estimate SE

2.99
0.78
0.48
0.79*
Variance

0.86
0.10
0.39
0.32
SD

2.96
0.16
0.33
0.61*
Variance

0.72
0.09
0.36
0.30
SD

5.71
-0.15
0.05
-0.25
Variance

0.8
X
1.26

0.93
X
1.12

0.31
0.32
1.98

1.27
0.45
1.16

1.13
0.67
1.08

0.69
0.09
0.36
0.35
SD
0.56
0.57
1.41

* p < .05 (two-tailed). ** p < .01 (two-tailed). *** p < .001 (two-tailed).

84

Chapter 7:
Qualitative Analysis of Foci of Negotiation, Rapport and Reasoning State
For the pilot study a number of sample dyads were chosen for in depth investigation to
understand how the students' interactions changed as they moved between more open ended and
closed ended tasks. In the pilot study, however, the analysis was confounded by the fact that the
two chapters analyzed contained differences in both the type of problem and the mechanics
within the game. The procedural level was static with students having to find the correct angle
while the conceptual level contained the dynamic game mechanic and players had to choose the
correct rules to solve the problem. The design of the current study allowed us to some extent to
disentangle the effects of the conceptual nature of the problem from the effects of the dynamic
game mechanic. This was possible due to the fact that the static version of the game and dynamic
version of the game contained parallel versions of the conceptual levels with the primary
difference being the ability to adjust the angles. For this analysis I looked at eight sample pairs,
four from each version of the game. Selections of dyads were made to include participants from
each grade level and different setting who varied on their level of prior knowledge and the extent
of their learning gains. In this analysis, in addition to looking at the elaboration, I looked at the
extent to which reasoning was collaborative with co-construction of knowledge, the rapport
exhibited as well, as the foci of negotiation to better understand how they were impacted by the
game mechanics, individual differences and prior knowledge, and in turn how these factors may
be influencing student learning outcomes. First I examine four dyads who played the dynamic
version of the game.
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Dynamic Pair 1
The first set of students investigated was a mixed gendered pair of sixth graders who
were assigned to play the game with the dynamic game mechanic. Both members of this dyad
had low pretest scores with partner 1 answering 4 out of 10 pretest items correctly, and partner 2
answering 5 items correctly. This compared to a mean pretest score of 6.5 for all participants. On
posttest, however, this pair scored close to or above the sample mean, answering 9 and 8 items
correctly on the posttest. Specifically examining these two students' posttests we can see that
they answer a number of the questions correctly on the procedure for finding missing angle using
the supplementary, complementary and triangle rules as well as identifying complementary and
supplementary items that were answered incorrectly at pretest. Examining the students'
mathematical elaboration in Chapters 2 and 3 we can see multiple examples of elaborated
explanations of the mathematical concepts, co-construction of knowledge and very high rapport.
Throughout game play, the two partners maintain almost constant dialogue relevant to the game
play and the mathematics independent of who is controlling the mouse.
Looking specifically at game level 2.4 we can see the co-construction of knowledge as
the students work through the two parts of the puzzle. While the boy (Partner A) is controlling
the mouse, we hear the girl (Partner B) helping to guide the actions.
Partner B: “another one”
Partner A: “uh, five lives”
Partner B: “Ok”
Together: “no”
Partner B: : “supplementary would be straight it needs to be straight, so wouldn’t that one
be? this one would be acute (while the boy manipulates the figure)”
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Partner B: “press that, press that”.
Partner A: “look, look, look”
Partner B: “so that would be”
Partner A : “that the arrow didn't show up”.
Partner A: makes the line straight and the blue arrow appears)
Partner A: “I don’t know I don’t know”
Partner B: “that would be supplementary”.
Partner A: “boom”
(-Move to next angle )
Partner B: “It’s acute”
Partner A: “There is no acute” (referring to the available buttons)
Partner B : “oh it is complementary”
Partner A: “We need to find the purple square.”
This interaction clearly corresponds to what Chan and Clarke (2017) identify as an
entangled negotiative event as there is an overlapping discussion of the mathematical and sociomathematical norms. Partner B begins by identifying the fact that supplementary needs to be
straight clearly beginning a conversation around the mathematical norms. As they continue
solving the problem, the foci of negotiation switches back and forth between mathematical and
socio-mathematical norms. For example, we hear a discussion around the socio-mathematical
norms which in this case is the game's mechanism for showing a straight line and what buttons
are available within the game to solve the problem. Here we can also see multiple examples of
positive rapport, with the partners showing active interest in their partners’ contributions as, for
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example, when they direct each other to look at what they are doing. The highest level of rapport
is seen in the dialogue below in solving the second set of angles in level 2.4.

Partner A: “No, it’s get to do it.”
Partner B: “Yeah, we have four lives.”
Partner A “No, we have five. Okay, supplementary. Oh, no, numbers. Supplementary.
Perfect. I should wait. I should go like wait a minute. Look what I just did. Look what I
just did. Look what I just did. Oh, my God.”
Partner B: “I think we had it before. I don’t know what happened. I think you pressed the
wrong one down there.”
Partner A: “No, I just. Oh, yeah, I did. I did press the wrong one down there. I know I did,
I’m so nervous I’m so nervous”
Partner B: “press complementary”
(solve the puzzle)
Both: “Yes.”
Partner A: “Oh, my God, that’s so satisfying.”
In just this short sample of dialogue, not only do we see multiple examples of positive
rapport in that they exhibit interest in each other's activities, we see as well active encouragement
and joint celebration of progress which characterizes the highest level of rapport as described by
Olsen and Finklestein (2017). When Partner A clicks on the wrong rule by accident, Partner B
indicates that they are working together by saying “we had it before” to encourage her partner.
This continues throughout the game such as when they move on to the next level, we hear
Partner B ask “what if we die again?” and Partner A reassures, ” we have more lives.” When
they find the solution to the second part of the puzzle, both participants say “yes” and we hear
joint celebration.
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Dynamic Pair 2
The next pair consisted of two 7th grade boys with pretest scores near the mean (6/10 and
7/10). Interestingly, however, the partner with a lower pretest score received a higher posttest
score, answering 10 questions correctly, including two questions that were parallel to questions
he got wrong on pretest. The partner who started out with the higher pretest score, on the other
hand, answered only 9 questions correctly on the posttest and there was no evidence of his
learning new procedures or concepts. Specifically, while this student already was able to find
values of missing angles, he was unable to identify complementary and supplementary angles
whether on the pretest or the posttest.
Reviewing the dialogue between the dyad we see evidence of high levels of elaboration,
co-construction of knowledge, and high rapport between the dyads In level 2.4 dialogue below,
we see evidence of co-construction of knowledge.
Partner A: “So, this is supposed to be supplementary. This is supposed to be
complementary. So, what is it supposed to equal? Because both of them has to equal 90,
both of them add to 90. Is that the same? Those are both supposed to be supplementary or
complementary.”
Partner B: “No, this is supposed to be complementary because this is supplementary. Wait,
what have we got?”
Partner A: “Complementary.”(adjusts to make angles complementary-(purple square
appears)
Partner B: “ Okay, Now leave it there because that is a right angle.”
Partner A: “This is wrong”
Partner B: “see we are both smart”
In the example above, while solving the second problem we hear the partners going back
and forth about how to solve the problem building on each other’s ideas. Partner A first says
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“complementary, Partner B in response says “they need to be complementary, so they need to
add up to 90.” Partner A adjusts the angle and we hear Partner B say, “Now leave it there
because that is a right angle”. They are then able to solve the puzzle. Throughout we hear both
partners using the term “we” when discussing the game and we hear encouragement being
offered, with Partner A saying to Partner B after they solve it “we are both smart”. Throughout
the game the foci of negotiation revolve primarily around the mathematical and sociomathematical norms with little discord during the game. We also see evidence of very high
rapport with the statement “we are both smart” when they complete the level. In the dialogue,
however, we also see an example of a misconception that is not corrected when Partner A asks if
they are “both the same”, as he seems to think that the two angles must be the same in order for
them to be complementary. A similar misconception is seen in the dialogue below from level 2.5
where Partner A again has a similar misconception expressing the idea that all of the angles in
the triangle need to have the same value in order to use the triangle rule.
Partner A: “Yeah, I don’t know this one.”
Partner B : “What would this be? This is a triangle. What is the triangle they ought to be
the same?”
[music plays]
Partner A: “That’s 16. 65 and 16 is what?: It’s supposed to be 125? 65 and five.”
Partner B : “Yeah.”
Partner A: “Yeah, 125. So, this is supposed to be.”
Partner B: “60.”
Partner A: “60, 55?”
Partner B : “ No, 60. Assume it’s 50 or 60.”
Partner A: “Like that and this is what?”
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[music plays]
Partner B: “60?”
Additionally, here we see that the discussion of mathematics, like with many of the other
pairs, was often focused on the numerical operations rather than the concept of complementary
and supplementary angles., this occurs even when there is no need for completing for finding the
value of the angles and they are required only to identify which angles are complementary or
supplementary. For example, in level 2.5 they add up the value of all of the angles even though
this is not needed to solve the puzzle. There was also evidence of misconceptions with a
discussion of how the angles needed to be equal before using the triangle rule. The lack of
learning gains seen with the one member of the dyad may therefore, in this case be due not to
any weakness in the student collaborative efforts, but rather to weaknesses in the game. As the
game did not supply any clear feedback to indicate to the student that he misunderstood what
made angles complementary or supplementary.
Dynamic Pair 3
The next dyad examined consisted of two 8th grade boys with very different beginning
skill levels. One partner had a 5/10 on the pretest, correctly identifying acute obtuse and right
angles but getting almost all of the questions related to the other concepts and procedures
incorrect. On posttest this participant answered only 5 items correctly, well below the mean
posttest score. The other member already had a fairly good grasp of the game content, scoring 8
out of 10 on the pretest answering the questions that required basic knowledge of the procedures
and concepts correctly. The posttest score was 14 out of 20. Examining the parallel items on the
pre and posttests, neither partner appears to have made learning gains with the lower scoring
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partner still not demonstrating knowledge of how to find the value of the missing angles or using
the supplementary or complementary angle rules on the posttest.
In this pair we also observe instances of elaboration, co-construction of knowledge, and
discussion of the mathematical and socio-mathematical norms, but it is less consistent during
game play than with the sixth and seventh grade pair and we see much of the focus being on the
social negotiation over who has control of the game and who is responsible for errors as seen in
the dialogue below:
Partner A: “You killed them. “
Partner B : “You told me. ”
Partner A: “Let me do it, let me do it. Let me do it. Move, move, move, I need a steady
arm.”
Partner B: “Oh, no, no, you got to make this 180. You got to make the blue straight line
bro.”
Partner A: “Alright, it’s 180.”
Partner B: “No, no, no.”
Partner A: “It’s 180.”
Partner B: “No, no, no, no. You're going to kill him.”
Partner A: “It’s where it need be. You said 180. Alright, it’s 180.”
Partner B : “That's not what I meant. This is 180. You see the blue line? “
Partner A: “That’s 125.”
Partner B: “This has to all equal (pointing to the two angles)”
Partner B: “This has already 125. “
Partner B: “Yeah, 125 plus this. “
Partner B: “Oh, okay.”
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Partner A has adjusted the angle so a single angle is 180 degree rather than the angles
adding to 180 and they lose a life in the game. Rather than allowing partner A to continue trying
as with the previous pair, when Partner A makes an error the more knowledgeable partner takes
over control. As partner B now lines up the angles correctly, we hear partner A say the angle is
125 not 180 demonstrating his confusion in what is needed to make the angles supplementary to
one another. Partner B provides an elaborated explanation of the error explaining that that the two
angles must add up to 180 to be supplementary. In this instance we see an attempt at coconstruction of knowledge along with a high level of elaboration, but it is clear that the weaker
partner's contributions are not really necessary for solving the problem, rather he is clearly the
learner in this situation. When the stronger partner takes over the mouse he also takes away an
opportunity for the weaker partner to practice creating the supplementary angle.
In the second problem of level 2.4 we again see Partner A attempt at first to engage in
solving the problem, but he still seems to lack an understanding of what makes angles
complementary.
Partner B: “Now this one has to be the square. Which ones had to be the square? No, this
one has to be the square. How can I get a square?”
Partner A: “What are you doing?”
Partner B: “This one?”
Partner A: “Yeah.”
Partner B: “There, right? (have one angle at 90 degrees rather than having the angles
together make a right angle)”
Partner A: “Yeah.“
Partner A: “You killed them.“
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Partner B: “You told me.
At this point Partner B decides to solve the problem on his own and while he provides
some explanation of the solution it is less elaborated than with the supplementary angle and the
dialogue indicates no evidence for co-construction of the solution.
Partner B : “ Yeah, this one is complementary. Hey man. I can move this one first, so it’s
this one. For it to be complementary, the square has to be here”.
Partner A: “Oh, I didn’t know that. “
Partner B : “Now you do.”
Partner A : “I found it you saw it”
Partner B : “It's 8:42 pm.”
Partner A: “Ooh, there is tropical music.”
Partner B: “I found it.”
Partner A : “Pretty trop..”
Partner B: “You saw it?”
Partner B : “No.”
Boy A: “I saw it. Yes, I did it.”
At the end here it is clear that Partner A views as having solved the problem on his own
with his statement “yes I did it”. So, while here the partners have generally positive rapport,
there is not clear sense of collaboration as seen with the first pair.
These same patterns are evident in level 2.5. Level 2.5 begins with Partner A controlling
the mouse, but this time Partner B simply says “I have no idea” and waits for Partner A to “die”
and then takes over the mouse. When Partner B has the mouse and correctly solves the puzzle, he
provides the explanation that “it has to be straight”. This dynamic continues and as the game
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progresses, rather than maintaining a dialogue, we see the stronger player repeatedly take over
the game and the degree of reasoning and elaboration fall as evidence of negative rapport
between the players increases. We hear, for example, Partner B say at one time, “that is why I
keep taking it from you”. While Partner A continues to be engaged with the game he makes few
statements related to the mathematical concepts, instead focusing primarily on the game
mechanics, for example, saying, “you need to click twice”.
While we see instances of high levels of elaboration with this dyad, only one of the
partners provides the explanations and there are a number of game levels where there is no
elaboration on the mathematical concepts at all. Unlike the prior pair, there are only a few
instances where both partners are actively engaging with problems and responding to each
other's solutions. In addition, we also see the focus of negotiation more often revolves around the
social aspects of the task, for example in discussions of who will control the mouse and in
competitive comparisons between the two partners.
Dynamic Pair 4
This dyad from the summer program was a pair of boys, one having just completed 7th
grade and one entering 6th grade. The 7th grader had a pretest score of 6, while the 6th grader
had a pretest score of 5, both of which were below the overall means. The posttest score was
slightly below the mean at 8 for the 7th grader, while the 6th grader only answered 4 of the
posttest answers correctly, apparently not learning any of the skills taught in the game. Below is
a sample of the recorded dialogue of this pair while playing level 2.4. This pair was unable to
finish this level before their time ran out.
Partner A: “We go to make it what? Supplementary, complementary… What is
complementary? Uh 90? Is it 35?”
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Partner B: “what?”
Partner A; “Is a complementary a 35?”
Partner B: “Every time we get one you die”
Partner A: “no”
Partner B: “yeah buddy”
Partner B: “Wait that is not a straight line you dummy”
Partner A : “Crap alright”
Partner B: “ the max… the max.. Yo, you actually dumb”
Partner A : “So its 65 plus 65 equals what?”
Partner B: “No”
(Partner B takes control of the mouse and makes the angles supplementary)
Partner A: “you have to click on both”
(Partner A takes back control of the mouse)
Partner A: “boom see, every time you do one you die”
Partner B: “it's not a straight line” (yelling)
Partner B: “Stop, stop, every one you do them you die”
Partner A: “We have one life”
Partner B: “You taking them all of them”

Here we see a clear dynamic in which Partner A is attempting to focus the discourse on
the mathematics by asking relevant questions such as, “What is complementary?” and “What
does 65 plus 65 equal?”, but Partner B is primarily focused on the social norms including whose
is at fault for their lack of progress in the game and who is controlling the computer. Partner B
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does not respond in any meaningful way to the questions asked by Partner A, providing only the
limited explanation that it needs to be straight and that is above the max. When partner B takes
over control, he fairly quickly unlocks the angle showing he understands the concept but does
not provide this explanation to his partner. Instead, we hear many instances of frustration
exhibited by Partner B. So while the level of elaboration here would be a 5, as there is an attempt
by one partner to explain their thinking, there is no co-construction of knowledge or active
participation from the other partner with only one partner attempting to explain their thinking.
Rapport is low due to the multiple negative comments. This low rapport and lack of coconstruction may help explain why the individual with the lower prior knowledge did not learn
the concepts taught in the game.
Next, the interactions of four pairs of students that played the static version of the game,
including one pair of sixth graders, one pair of seventh graders, one pair of 8th graders and one
pair from the summer school program were examined. As with the four dyads examined above,
the interactions of these dyads varied in the extent to which they collaborate and co-construct
knowledge, the degree of rapport between the members of the dyads and the foci of negotiation.
Static Pair 1
First, I looked at a pair consisting of two sixth grade girls. This pair was mixed ability
with one scoring 4/10 on the pretest, only getting the items on acute and obtuse and right angles
correct, and the other getting 7/10 on the pretest. On posttest there was evidence that the girl with
lower prior knowledge had made modest learning gains scoring around the mean on posttest with
a score of 10 out 20. This is supported by the analysis of the parallel items on the pre and posttest
as there were two items she was able to answer on the posttest that had been unable to answer on
the pretest. However, there was no evidence of learning with the second member of the dyad.
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While the second member of the dyad had a score of 13 out of 20 on the posttest, well above the
mean, the fact that the number of correct answers was the same for the six parallel items before
and after gameplay suggests that she did not learn these concepts and procedures during the
game.. This pair was characterized by positive rapport and co-construction of knowledge through
most of the game play with the focus primarily on the mathematical norms as seen in this
dialogue form level 2.4:
Partner B : “Okay, so we’ve two locked areas.”
Partner A : “Okay, so, now they are supplementary and complementary”
Partner B: “I believe this is supplementary”
Partner A: “yeah I’m pretty sure it’s supplementary”
Partner B: “This is supplementary which is I mean both of them go up to 180. This one I
believe is…”
Partner A: “I think this one is complementary.”
Partner B: “Yeah.,”
Partner A: “And that’s supplementary.”
Partner B: “Yeah.”
Partner B : “ So, because this says 90.”
Partner A: “Yeah.”
Here we can see them working through the puzzle together and figuring out together how
to use both the complementary and supplementary angle rules in the puzzle. We hear Partner A
thinking through the problem out loud noticing that there is a set of supplementary angles that
“go up to 180”; her partner responding that the second set of angles is complementary. We hear
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some misunderstanding of what makes the angles supplementary, but we still see an effort to
build on each other’s understanding.
As they move through the game, they discuss their choices. During chapter 3 with partner
B being unsure how to find the value of the missing angle, rather than taking over control of the
computer or providing just a solution, Partner A provides an elaborated explanation:
Partner B : “we have to guess what angle it is”
Partner A: “Right is 90, obtuse is 90 to 180, straight is 180”
Partner B : “we didn't want to click it”
Partner A: “it’s either 40, 50, 60, :This whole thing equals 360, What is 180 and 130?,
180 plus 130 that would be, why can I not know math right now”
Partner B: “310, I got 310”
Partner A: “So what’s 360-310, 50?”
Partner B: “What did you say?”
Partner A: “So this one is, add the two angles that you have, and then subtract it 360, and
what you have left is the angle that you missed.”
Partner B: “Because that’s a circle?”
Partner A: “Yes, because it’s like a circle.”
Partner B: “Oh, make sense. I don’t know stuff about circle”
In this case, while they solve the problem, we can clearly see that the learning taking
place with Partner B explaining her reasoning, Partner A then engaging in the problem solving
and acknowledging her new understanding of circles. This contrasts with the Dynamic Pair 3 in
which while an explanation is provided and the partner also expresses that he didn’t know that
before, we do not subsequently see him participating in the problem solving and he doesn’t
verbalize in any specific way the knowledge he has gained.
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Static Pair 2
The 7th grade pair was a mixed gendered dyad. Both partners had pretests slightly above
the mean with a score of 7/10 for Partner A and 8/10 for Partner B. Partner B slightly
outperformed the mean on posttest, answering 10 items correctly. The girl, despite a high pretest
score, only got 6 items correct on the posttest and actually answered one parallel item incorrectly
that was answered correctly on the pretest.
Again, here we use 2.4 as an example of the patterns of interactions seen with this dyad:
Partner A: “Oh, I put”
Partner B :“No, you do the last one.”
Partner A: “No, did it.”
Partner B : “You need help.”
Partner A: “No, I don’t.”
Partner B: “You need to go over here.”
Partner A : “I think it’s complementary.”
Partner B : “Oh, she died.”
Partner A : “Wow”.
Partner B: “No, no, no.”
Partner A: “Now you need to go.”
Partner B: “Oh, you’re right.”
Partner A: “Nooo”
Partner B: “STOP calm down., No, this is not.: Yeah, I did that. I believe I can fly, I love
being partners with you”
Partner A: “me too but not this game”
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In this dialogue, we see that the focus of negotiation is generally on the social and sociomathematical aspects of the tasks, negotiating who will control the game, discussions of
responsibility and who is capable of solving it along with some discussion of the mechanics of
the game play. There is little to no elaboration on the mathematical concepts, just directions on
what to press to solve the puzzle. Though there are a number of statements that indicate low
rapport such as “STOP calm down” and statements of frustrations such as “ugh”, this is also
punctuated by giggling and singing. At the end of the level we hear Partner B say to Partner A, “I
love working with you” and his agreement, perhaps making sure that any disagreements or
negativity within the game is not reflective of their general attitude towards one another.
Throughout, we hear each of them using I instead of we, indicating they are each working
individually and there is no evidence of co-construction of knowledge. For example, when Partner
A says it is complementary, Partner B does not respond. Much of this pattern of interactions with
little elaboration and lack of responding to each other's solutions continues into the next level of
the game as seen below.
Partner A: “You want to do this one?”
Partner B: “Yes.”
Partner A: “Okay.”
Partner B: “Okay, No, I’ll actually do it.”
Partner A: “No, you…”
Partner B: “I’ll go put it. I will end it all. I’m doing this my way. Oh this triangle rule. My
name is ... uhh, so difficult”
Partner B: “How many times I got to click this ?, Nothing I could works. You do it.”
Partner A: (takes control loses life) “No, no, no, I didn’t mean to do that.”
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(solves angle)
Partner B: “Wow, smart. forget it. You don’t need to flex on us on to show your math
games.”
In this example, when Partner B indicates they should use the triangle rule but cannot figure
out that she must first unlock a second angle of the triangle using a different rule, rather than
explaining what he thinks they should do and why, the boy takes over the game and solves it with
no explanation. Similarly, to Dynamic Pair 4 focused this pair focused primarily on social
negotiation and there was little evidence co-construction of knowledge. Unlike Dynamic Pair 4
however, this pair was able to complete both levels 2.4 and 2.5. This is perhaps due to the fact that
in the static game there are a limited number of possibilities and it is possible to solve at least part
of the levels through trial and error without the partners actually arriving together at an
understanding of the concepts.
Static Pair 3
The 8th grade pair for the static condition in many ways mirrored the 8th grade pair who
played the dynamic game. This was also a pair of girls with different levels of prior knowledge,
one scored below the mean answering 5 items correctly on the pretest and one slightly above the
mean answering 7 items correctly. Both participants, however, scored below the mean on the
posttest, Partner A answered 8 items correctly and Partner B only 5 items correctly. In the
discussion from level 2.3 we hear a number of misconceptions that help explain their
performance.
In level 2.3 we hear the two players coordinating their actions and an attempt to clarify
their understanding of the problem. While there was elaboration of the mathematical concepts in
level 2,3, only one partner provided the solutions (passive-active reasoning state):
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Partner A: “Wait 120 and this one that is supplementary, so this complementary, no that’s
wrong., So, no wait we lost everything cause of that stupid thing”
Partner B: “we have two more chances”
Partner A: “supplementary That is 180. So complementary has to be lower than that, so 60
and this one?”
Partner B: “yeah”
Partner A: “Please God,” (die) “What? This is supplementary. Why is this thing? We have
one life left. We have to restart this all over again. Which we already did. So what would
you like to do?”
Partner B:” I don’t know?”
Partner A: “We unlocked this one. We have to unlock this one. We never pressed this one,
Wait, 60 plus 60 is 120, I’m pretty confident. You want to do it ? It is our last one.”
Partner B: “No. It’s our last one”
Partner A: “Ok we are dead”
Here Partner A attempts multiple times to collaborate with Partner B who gives very little
input, responding, “I don’t know” and not wanting to take control of the game. While pPrtner A
is attempting to create a dialogue centered on the mathematical norms, Partner B appears to not
have the knowledge to help in solving the puzzle. She does however show interest in the game’s
progress commenting on the number of lives they have left. It is clear that they are in need of
more assistance in the game and they express frustration multiple times. At one point Partner B
asks if they can ask “colleagues” for help. There are also a number of times Partner A makes
attempts to coordinate with her partner and create more positive rapport such as when she asks,
“so 60 and that one?”. However, Partner B responses are generally fairly neutral, for example,
responding “yeah” without any elaboration. Both partners express frustration with the game
when they do finally complete the level.
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Static Pair 4
Lastly, a pair of 7th graders from the boys from the summer program. Was examined
This pair outperformed the mean on both pretest, both answering 8 items correctly, and on
posttest answering 13 and 18 items correctly. Clearly this pair had fairly high level of prior
knowledge as we can see as they complete level 2.4 quickly and with no discussion. We hear
player A say, “supplementary” followed by player B selecting the correct response and saying,
“I’m too good, I’m too good”. Both are clearly paying attention to the game, but little discussion
is required to get through this level. On the next level, they are not quite sure what to do so we
hear slightly more discussion and while the elaboration is only partial, it appears to sufficient for
the partners to work together in solving the puzzle in 2.5:
Partner B : “oh we lost a life”
Partner A : “Okay, so what is this here? The triangle rule?”
Partner B : “ I think it is.”
Partner A : “We have a lot of lives, so what it is supposed to be?”
Partner B: “Okay, I think we need to press all three triangles”
Here the discussion though limited is primarily focused on the mathematical norms. The
rapport here is positive with their coordinating their activity clearly referring to it as a joint venture
using the word “we” and negotiating their choices within the game at several points. We also see
joint interest in their progress along with celebration. For example, while Partner A has control of
the mouse we hear Partner B, “ohh we are going on to the dessert!”. We see the co-construction of
knowledge in the discourse while completing level 3.2.
Partner B: “Oh we are doing angles now,
Partner A: “so that’s..”
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Partner B: “that’s 60”
Partner A; “soo” (die)
Partner B: “What? how?”
Partner A: “Its’s not 60? Wait”
Partner B : “Excuse me, What? That couldn’t. Would that be like? “
Partner A: “no jt’s 70”
Partner B: “there is no “
Together : “70,”
Partner A : “wait”
Partner B: “What would be 50 then?”
Partner A: “wait, wait”
Partner B: “wait, hold on hold on I’m think this through, that would be..”
Partner A: “yeah yeah it’s 50” (die)
Partner B: “no that’s 60 that’s 5”
Partner A: “oh yeah”
Partner B: “No wait wait”
Parte A: “This is 50 right here”
Partner B: “yep”
Partner A: “This 180 +130 is 310, uhm 360-310 is 50, ok, that is 50, 90 140, This is 40
right here, and this is?”
Partner B “That is 140”
Partner A : “Yeah it’s 140”
Partner B: “You didn't choose it” (complete level)
Partner A: “You see, I’m too good!”
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Partner B: “I told you”
Partner A: “Not all”
Partner B: “that time you told me”

While the entire overlapping dialogue takes place in just over a minute, we clearly see
discussion of the mathematical norms, co-construction of the solutions and coordination of play.
When Partner A at the end celebrates with an individual statement about how good he is, Partner
B doesn’t let him get away with making it an individual accomplishment, and at the end joint
agreement that they both helped solve the puzzle clearly demonstrates high rapport between the
two partners.
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Chapter 8
Discussion and Conclusion
This study explored students’ interactions and learning outcomes while collaboratively
playing two different versions of the geometry video game “Noobs vs. Leets.” The dynamic
version of the game contained an angle change mechanic while the static version did not. The
angle change mechanic used in this game was created by the “Games for Learning Institute” and
aligns with the learning goals of the game. Additionally, the use of dynamic mechanisms has
been shown to help students better understand geometry and promote student discourse (Çakir &
Stahl, 2015; Chan & Leung, 2014; Oner, 2013; Oner & Stahl, 2016).
In the pilot study, it was found that participants provided more elaborated mathematical
explanations when playing a conceptual level of the game that included an angle change
mechanic than when playing a procedural level in which they only had to select the correct value
of the angle. We hypothesized that the angle change mechanic, because it created more openended problems with multiple possible solutions, would engage students in more discussion of
the mathematical concepts. However, the pilot study did not allow us to directly test this
hypothesis as the levels with the angle mechanic and without also differed in their intended
learning outcomes. The levels with the angle change mechanic required students to modify the
angles to correspond with the appropriate geometric rule, and the levels without the angle change
mechanic required students to find the value of the missing angles. Therefore, it was not possible
to know whether the differences in elaboration were due to the different game mechanics or due
to the different learning goals.
To directly examine the role of the angle change mechanic in engaging students in more
elaborative reasoning, two versions of the game were created for the current study. These two

107

versions of the game were identical other than that the dynamic game included the angle change
mechanic in the conceptual or rule levels and the static game did not. All other levels in the two
versions of the game used in the current study were identical. As we had found in the pilot, the
conceptual or rule levels of the game promoted more elaborated explanations than the procedural
levels in which students had to find the value of the missing angle. However, our hypothesis that
that this was a result of the inclusion of the angle change mechanic was not supported as the
same difference in elaboration between procedural and conceptual levels was found for
participants who played both versions of the game. This seems to indicate that the greater level
of elaboration in the conceptual may be due to the content of the task and learning goal rather
than the addition of the angle change mechanic. However, had more players progressed father in
rule-based chapter we may have seen greater differences in the of elaboration between the two
game versions as the puzzles became more complex.
It was further hypothesized that greater levels of elaboration on the mathematical
concepts would lead to better learning outcomes for the dynamic version of the game than the
static version. Additionally, it was hypothesized that the dynamic game would be more
interesting and motivating than the static game. We saw no significant difference in the extent of
elaboration between the static and dynamic version of the game and no significant differences in
learning or motivational outcomes between the two version of the game; partial support for the
hypothesis that elaboration of reasoning predicts learning gains was found. Students who had
more elaboration while playing the procedural levels of the game were found to have greater
levels of procedural learning. However, contrary to my hypotheses, elaboration only predicted
basic procedural knowledge and not conceptual understanding or overall posttest scores.
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While my hypotheses were not fully confirmed in the current study, qualitative analysis
of a sample of eight pairs of participants provided insight into some of the possible reasons that
there were no significant differences in learning or motivation between the groups that played the
two versions of the game. The recording of students’ interactions and the process-oriented
approach of this study allowed us to take a closer look at student interactions to understand how
students interacted with game levels with different task structures and game mechanics and to
gain insight into the reasons some of the groups were more successful than others and why
elaboration did not predict students’ conceptual learning.
Theoretical Implications
Close examination of student’s interactions and game play in fact shows us that our
results do align with those of Webb’s work on the giving and receiving of help during
mathematical problem solving. While elaborated explanations are associated with learning it is
often the giver of the explanations that benefits more than the receiver of the explanation (Webb,
et al., 2014). . One explanation for why elaboration did not significantly predict conceptual
learning in the current study was that even when the discourse included high levels of elaborative
reasoning in a number of the pairs, only one member of the dyad was providing the explanations.
For the receiver to benefit from the information being given, they need to have opportunity and
motivation to use that information. As Webb, Troper & Fall (1995) found it was only when
students had an opportunity to constructively apply the elaborated explanations that they
received was the help associated with learning gains It is evident from our eight sample pairs that
this did not happen with a number of the dyads; instead, what we saw at times was the more able
partner providing an explanation but did not give an opportunity for the other partner to actually
integrate the information. In many pairs, a division of labor was also observed, where one partner
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contributed by providing information on the mechanics of the game while the other partner
focused more on the mathematical concepts. With this division of labor, each member was
contributing to succeeding in the game, but they did not each independently learn to understand
both the mathematical concepts and the game mechanics.
In addition to the dynamics of pair not allowing for the receiver help to use the help in
constructive problem solving, the design of the game as well as the duration of game play may
have been an obstacle. While the dynamic game mechanism was intended to encourage
discussion, the difficulty of using the mechanic meant that players did not progress as far in the
game and therefore the receiver of help playing the dynamic version of the game had fewer
opportunities for constructive practice than those that received help while playing the static
version of the game. These pairs were also the most likely to be the lower ability pairs that had
the most room to see learning gains. With more time and opportunity to work through the game
levels, we may have seen a stronger relationship between elaboration and conceptual learning
outcomes.
While there is strong evidence for the use of dynamic geometry for promoting
learning (see Chan and Leung, 2014 and İbili, 2019 for a review), to our knowledge, a similar
mechanic has not previously been tested in a serious game. Serious games present a unique
challenge for designers as in addition to aligning game and learning mechanics the designers
must balance learning and entertainment so that the players remain engaged (Arnab et al., 2015).
Plass et al. (2015) discuss four types of engagement that can occur during game play: cognitive,
affective, behavioral and sociocultural engagement. As Plass et al. (2015) note, however, the
purpose of all four types of engagement is for players to cognitively engage with the learning
mechanics within the game in such a way that the players engage in cognitive processing of the
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intended learning content thereby promoting the intended cognitive outcomes. The recording of
students’ dialogue in the current study allowed us to observe all four types of engagement. As
this was the participants first time playing the game, they were not only learning the
mathematical concepts during the game play but also learning the mechanics of the game. What
we observed is that the pairs playing the dynamic version of the game spent significant amounts
of time trying to figure out how the angle change mechanic worked and then trying to get the
angles to line up exactly to be a straight line or right angle. While this may provide a
behaviorally engaging challenge for participants, it did not necessarily promote cognitive
engagement or discussion and elaboration of the relevant concepts. For example, with the
Dynamic Pair 3, we found that once they already understood that they needed a right angle, the
major challenge became getting the angle lined up just right so the “purple square” would
appear. This difficulty with the game mechanic also appeared to be a source of negative affect
with players often voicing frustration when they lost a life even after figuring out how the puzzle
should be solved.
While we expected to see elaboration predicting all learning outcomes, analyses of the
data indicate that the only variable that predicted any of the learning outcomes, once prior
knowledge was controlled for, was highest level of elaboration during the procedural levels of
the game. The reason that higher average level of elaboration did not predict learning outcomes
may be due to the fact that higher average levels of elaboration were often a result of participants
repeatedly explaining the same concepts. Repeated explanations of the same concepts may have
indicated confusion rather than understanding. This has implication for our understanding of
what type of interactions benefit learners. While some researchers have looked at the quantity of
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interactions, it is likely that the quality of the interactions is of more importance to student
learning in more conventional problem solving (Cohen. 1994).
In addition to giving help, research has shown that co-construction, where both partners
together are constructing a new understanding, results in more learning gains than individual
active or constructive reasoning. With Dynamic Pair 3, we see an example of a pair in which,
although there is elaboration of reasoning, there is little to no co-construction of knowledge. In
the first level that we looked at, we saw that one partner provided an elaborated explanation and
attempted to engage his partner in reasoning through the puzzle. The other partner, however,
does not help with the construction of a solution, and as the game progressed the first partner,
who had provided the explanation, made fewer attempts to engage their partner. Similarly, in our
analysis of Static Pair 3, only one partner is repeatedly attempting to engage with the
mathematical concepts and provide explanations. The other partner generally just replies, “I
don’t know,” when asked a question. In this situation, the partners recognize that they need
additional assistance asking for “help from a colleague.” Had this been a regular classroom
activity, this assistance could have been provided by the teacher or by another pair of students. In
the study, however, the teacher was asked to not provide students with answers and students
were instructed to only talk to their partner. This may indicate that while we saw no differences
between two versions of the game in this study, had the dynamic, more complex, open-ended
version of the game been used as part of regular classroom instruction, it may have provided
opportunities for students to explore the angle rules with the help of their teacher.
In the absence of help from a teacher or more capable peer, it is important that games
provide sufficient feedback for students to understand their own mistakes and to guide them to
understanding the correct solution. A weakness of the current game is that the feedback was
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limited to whether the solution was correct or incorrect with no explanation of the reason for the
incorrect solution. With Dynamic Pair 4, we saw students going back to the same levels and
repeating the same mistakes, eventually dying without completing the level. At times, the game
also allowed students to pass through the game while maintaining misconceptions as, for
example, is seen with Dynamic Pair 2 who think the triangle rule can only be used when all
angles in the triangle are equal, and Static Pair 3 who think that complementary angles will be
any angle less than 180. This is a major difficulty in creating games designed to build conceptual
understanding as it is more difficult to provide students with appropriate feedback. The feedback
provided to the students with the game may have been clearer when it came to procedural levels,
allowing students to correct their understanding. The learning goals for the procedural levels may
also have been clearer than for the conceptual levels to students, as evidenced by the fact that
both in the pilot and current study, we observed players discussing the numerical value of the
locked angles in the conceptual levels even when this was not necessary for selecting the
appropriate rule. This more transparent structure and feedback in the procedural levels may have
helped participants better align their explanations with the learning goals leading to a stronger
effect of elaborated explanations for procedural learning. One simple solution may have been to
not have angle value displayed in the conceptual levels. In addition to providing an open problem
for students to work on and sufficient feedback, there may need be support provided to scaffold
the constructive engagement of both members. Due to research that has shown that over scripting
of discourse in collaborative computer environments can lead to lower learning gains
(Dillenbourg, 2002) and the desire to see how students engage with the game without additional
direction, it was decided not to provide support for collaboration. It would also have been
difficult to provide these supports and the necessary training within the time frame of the study.
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However, based on the findings described above, in future studies it may be worth providing
additional instructions on the role of each partner during game play and models of discourse,
To understand why groups differed in their learning outcomes and why no differences
were found between the two game conditions, we can also look to the social engagement of the
partners in both versions of the game. As with any group task, it is necessary to not only
negotiate the mathematical understanding but also the socio-mathematical and social aspects of
the task. As Plass et al. (2015) discuss, even when sociocultural engagement is not a conscious
element of game design, all game play occurs within a sociocultural context and therefore
cultural and social interactions are always a factor in students’ motivation and learning. When
students are in pairs, the social interactions become even more central to the learning process.
However, when the social norms become the focus of negotiation, there is little time for
mathematical discourse. This was seen with a number of the pairs as they spent much of their
time discussing whose turn it is or whose fault is the failure (social). Additionally, the tone of the
interactions can be either one in which there is positivity and encouragement (positive social
rapport) or negative as, for example, with Dynamic Pair 4 where we observed one partner calling
the other a dummy when he failed to solve the puzzle. This type of social dynamic between
group members impact players’ feelings of competence and self-efficacy which can negatively
impact learning outcomes.
It is clear that social and cognitive engagement both play an important role in productive
cooperative and collaborative learning. One recent study by Olsen and Finkelstein (2017)
examined the relationship between students’ cognitive engagement, social engagement and
mathematics learning. The authors analyzed the reasoning state and rapport of 11 4th grade
dyads working on open ended math word problems with multiple solution pathways. Olsen and
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Finkelstein sought to understand the relationship between co-construction of knowledge, social
rapport and learning outcomes and how they related to modeling of interaction prior to the
cooperative learning task. They found a relationship between high levels of rapport and coconstruction of knowledge and that dyads whose reasoning and rapport were high for a greater
percentage of the time had greater learning gains. It is interesting to note, however, that while
scaffolding student interactions is often recommended, in this study, as with the Olsen et al
(2014) study, there was not a clear benefit to collaborative modeling. Before beginning the task,
dyads were randomly exposed to three different video models of student problem solving. In one
video, an individual student completed a think aloud. The other two videos modeled coconstruction and collaborative discourse; in one of these, students worked on science problems
while in the other, they worked on mathematical problems similar to those the students would be
given. They found that the group exposed to co-construction video models with the science task
had greater learning gains than those exposed to co-construction models with the mathematical
task. No significant difference in posttest scores, however, were found between the group with
the think aloud model and the other two groups. The model provided also did not significantly
impact the reasoning state or level of rapport within the dyad. This indicates that scaffolding of
productive cooperative and collaborative learning is not straight forward and that there may be
drawbacks to providing domain relevant scaffolds. They conclude that students might benefit
more from social scaffolds rather than domain specific scaffolds. This conclusion, however, is
not fully supported by their data as they found no evidence that this non-domain relevant
scaffold was any better than the think aloud modeling.
One framework through which to understand why some groups vary in their degree of
social rapport is social interdependence theory. In the view of Johnson and Johnson’s (2009)
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social interdependence perspective on cooperative learning, group members will be motivated to
help one another and engage in positive social interactions when there is positive social
interdependence, i.e., the belief that each individual’s success is dependent both on their own
efforts and the success of the others in the group. On the other hand, when group members
believe that their own success depends on the others’ failing to achieve their goal, this belief
leads to negative interactions. A situation in which group members believe that a goal can be
achieved independently is characterized as lacking interdependence. In my study, there was not
consistent collaboration in all dyads under either condition. In multiple groups, students often
worked independently with the partners even becoming competitors rather than cooperative
partners at times. This was despite the cost to competing with you partner as losing either
partner’s life could lead to being bumped back to a previous level. In other dyads, however, it is
clear the partners did view themselves as a “team”. These differences arose despite the fact that
all dyads had the same goal structure indicating that there is more to creation of a functioning
team than the goal structure as it is defined by the researcher, teacher or game designers. What
we saw with a number of the dyads were negative social interactions that caused one player to
withdraw from the task, This perhaps again points to the importance of social rapport and the
need for more research on how to support students not only in productive discourse but in
respectful communication.
While the study’s hypotheses were not fully supported, the methodology of the study
allowed for exploration of the factors that helped make some pairs more successful than others.
While different theories of cooperative learning may emphasize the importance of motivational
or sociocultural versus cognitive elements of cooperative learning, this study makes clear that
these elements are clearly intertwined both in traditional learning environments and when
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playing serious games. There is a clear need for more research to understand how these elements
play out in cooperative and collaborative serious games and what design elements can best
support students’ engagement with all of the elements of learning. In the next section, we will
discuss some of the limitations of this study and suggested next steps.
Practical Implications for Teaching, Research and Game Design
Despite the limitation of this study, it has a number of valuable implications for research,
teaching and game design. The study clearly showed collaborative learning in games can be as
complex and rich as collaboration within traditional learning environments. Despite the lack of
structure given to students and that the participation was completely voluntary, almost all of the
participants remained engaged in the game and had some level of discussion of the mathematical
concepts during the 30 minutes of game play. The results also showed that during the short
duration students made significant progress in understanding of the basic concepts and
procedures as shown by a significantly higher score on the parallel items of the pre and posttest.
This indicates the potential of engaging and teaching middle school students through serious
games.
In addition, although the level of elaboration of mathematical reasoning of the dyad did
not predict the overall individual posttest scores or the conceptual sub-score after controlling for
the pretest, there was a significant correlation between elaboration and pretest scores and
between elaboration and both conceptual and procedural knowledge sub-scores on the posttest as
well as overall posttest scores. . This indicates that the level of elaboration observed for the
dyads may be a useful measure of student knowledge as well as their ability to contribute to the
group. Evaluation of the level of elaborative reasoning and its relationship to student learning
may also have application for assessment of students using collaborative problem-solving tasks.
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von Davier & Halpin (2013) discuss the need for using collaborative solving as an assessment of
individual cognitive skills and the statistical methods that can be used, . They argue that because
ultimately we are concerned not just with a student’s ability to apply knowledge on. A written
test but to their ability to contribute to real world problem solving which rarely happens in
isolation, we need methods of assessing an individual’s skills in groups situations, To do this
requires using process data that can give us information about the individuals contributions and
skills. Vam Davier & Halpin discuss the use of log data from collaborative computer tasks for
assessment purposes. They discuss the need to evaluate responses and actions as correct or
incorrect but it maybe even more to look at the quality of students’ interaction and elaboration as
I have done here. If this data were to be collected separately for each individual we would have
insight not only into the individual understanding but in their ability to communicate effectively
with their partner.
The finding of this study that boys reporting greater interest and feelings of competence
after playing the game than girls also has important practical implications .While the lower levels
of interest and competence are consistent with general findings on the gender gap in mathematics
(Kuchynka et al., 2022; Meece, 2006), they have important implications for the design of serious
games for mathematics learning. It is important that game designers look specifically at the level
of interest of girls and find ways to engage girls in the game in order to help narrow the gender
gap.
The outcomes of the study also point to the importance of engaging in this type of
process-oriented research and evaluation of serious games. It is not sufficient to only design
games with learning principals in mind, it also essential to evaluate them in practice. While the
dynamic mechanism was clearly aligned to the learning goals and based on the effective use of
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similar mechanics in other learning technologies, in practice the angle change mechanic did not
increase mathematical elaboration or learning. My qualitative and quantitative analyses,
however, showed that this likely could be at least partially explained by lack of feedback and
support for many of the pairs in how to use the dynamic mechanic. Additionally, it was evident
that at times the angle change mechanic caused additional confusion. Despite these challenges
and the slower progress of pairs who used the dynamic game mechanic, there was no overall
difference in learning outcomes, indicating that with better scaffolding and feedback the dynamic
may have been able to improve learning outcomes. For example, a help button could have been
added into the game that would demonstrate how to solve a level when players got stuck
In addition to better scaffolding of players in the use of the game, the game may have
benefitted from additional scaffolding of the collaborative process. The only instruction given to
pairs was to discuss the game together. This instruction in addition to being non-specific was not
directly tied into game play. Instead, game mechanics could be built into the game that
incentivized collaboration and engagement of both players. For example, if each player could
have been able to use only one of the rules, they would have been able to solve the puzzles only
with collaboration and discussion between the two players. Additionally, as found in the Hooper
& Hannifin (1991) study, participants may have benefited from an opportunity to practice the
skills learned together outside of the game environment before completing the posttest. Despite
not having these scaffolds present, it was evident in the pilot study that students did not do worse
when playing with a partner; therefore, it is likely that teachers can feel comfortable pairing
students to play games that were intended for individual play when it is more practical in the
classroom. It was also evident that the participants in this study could at times have benefitted
from direct intervention by a teacher in helping the game, the concepts or in the interactions with
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their partner. A teacher using games in the classroom should be using the game as they would
any other instructional materials continuing to provide support to the students.
Limitations and Next Steps
There are a number of limitations to the current study. Two of the major limitations are
the length of the intervention and the lack of a delayed posttest. In order to facilitate recruitment,
the study was kept to an hour’s length. The time given for gameplay in the current study may
have simply been insufficient to play the dynamic game as it took students significantly longer to
progress through the levels in the dynamic game than in the static game. In fact, five of the 22
pairs who played the dynamic game did not progress far enough in Chapter 2 to have elaboration
coded for the conceptual levels within the time period given, but only one of the 14 pairs who
recorded playing the static condition did not progress far enough in Chapter 2. This confounding
of difficulty between the two versions of the game makes the lack of significant differences and
motivation and learning between the two version more difficult to interpret. It is possible had
both games had similar difficulty with players in both bersions making equal progress we would
have seen greater motivation and learning with the addition of the dynamic game mechanism.
One solution would have been to provide a tutorial on the games mechanisms prior to having
students play the game. This is especially true because it is generally the weakest students, are
also the ones who likely could have benefitted the most from playing the game and from
elaborative reasoning. This can also help explain why, when modeling the effects of elaboration
with only the 58 participants who competed the coded levels of Chapter 2, no relationship was
found between elaboration and learning outcomes as only the better players progressed to
Chapter 2. A longer time period may have allowed participants to more thoroughly explore the
concepts in the game and elaborate on the concepts they had learned. We may then have been
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more likely to see differences in learning outcomes between the two conditions. The lack of
sufficient time may also have suppressed the effect of elaboration as this takes time away from
game play, and due to the limited time, students may then not have been able to progress as far in
the game and not have had opportunity to learn and practice all of the procedures and concepts
taught in the game.
A second limitation in the study is that the lack of imposed structure for student
collaboration and cooperation may have increased variation in students’ behaviors making the
study less controlled. The decision to not impose a structure on the collaboration was purposeful
as the literature indicates that over scripting can be detrimental. Additionally, I wanted to create
a situation where students interactions were less constrained, so that it would be possible to
examine the relationship between types of interactions that took place and student learning. It
was also felt this to be a more realistic implementation of collaborative game play as often games
are employed in classrooms during less structured times and students may be allowed to play
together without careful scaffolding of their interactions.
An additional limitation in this study may be the sampling method used which resulted in
noisier data. The study included participants from 6th – 8th grade with a wide range of prior
knowledge resulting in large variability on both the pretest and posttest. The sample size was not
large enough to do separate analysis on these different groups. It is possible that with a narrow
focus on a single grade level and participants who were more similar in pre-existing knowledge,
differences may have emerged in learning outcomes for the two versions of the game. A larger
sample may have also made it possible to detect differences in the relation between elaboration
and learning outcomes for participants of different ability levels. Additionally, as both versions
of the game had many similarities we would not expect there to be a large effect size making it
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more difficult to find differences especially with large individual differences between students.
Additionally, as with all studies there is some degree of measurement error. There were a limited
number of items testing each knowledge type creating lower levels of reliability and more
measurement error in this data. The scores on the transfer items were extremely low perhaps
indicated additional items measuring the basic concepts and procedures would have been better
at capturing students’ learning,
In the current study, due to limitation of the recording, the level of reasoning could not be
connected to an individual, only to the pair, making it difficult to analyze which member of the
pair provided elaborated explanations of the game concepts and who received the explanation. In
fact, it is clear from the qualitative analysis of the selected pairs that the giving of explanations
was not always evenly shared between the partners. Additionally, it was evident that at times
even when more elaborated explanations were given by one partner, the other partner did not
always attend to it and was not always given an opportunity to attempt to solve the problem once
given an explanation. Had we been able to differentiate who gave explanations and measure
elaborative reasoning at the individual level, we may have found a stronger association between
elaboration and learning gains than we did. Additionally, this made it difficult to reliably code
for co-constructions of knowledge. While we were able to qualitatively examine differences
between some of the pairs in the extant of co-construction as it was not possible in all pairs to
clearly differentiate who was speaking at certain times and we were unable to develop a coding
scheme with sufficient reliability to do a quantitative analysis of co-construction that included all
of the sample pairs. While the focus of this dissertation was on improving learning by promoting
elaboration, our qualitative analysis made clear the importance of social dynamics and future
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research on collaborative learning with serious games would benefit from quantitively modeling
the impact of social rapport to be able to link it directly to learning outcomes.
An additional complication in this study was the fact that it was conducted in the field. .
It is clearly more difficult to detect significant effects in a classroom setting where full adherence
to the study protocols is more difficult. There were times when students talked to other groups
and when the counselor or teacher interfered with game play. This type of additional noise in the
data may make mean that it requires a more substantial intervention in order to detect effects.
This, however, can also be considered a strength of the study as ultimately games will be played
in homes and classrooms rather than in laboratories and it is therefore in this environment that
we ultimately want to know their effectiveness.. For classroom use, it is important for teachers to
know how best to implement game play. For the current game, it appears that students without
prior knowledge had significant difficulties and would have benefitted by receiving additional
help from the teacher.
Though research that includes analyses of student discourse with large enough sample
sizes to conduct statistical analyses can be time consuming, future research and evaluation of
cooperative and collaborative learning with serious games should consider this type of processoriented research and analysis as it provides insight into not only if, but also how players learn
from one another and from the game. Game based researchers, even when not specifically
interested in cooperative and collaborative learning, should perhaps consider pairing students as
part of the evaluation process to better understand students’ thinking. While a think aloud can
have a similar function, it is a much less natural learning situation. This type of research also
may allow for more rapid development of games. Rather than iteratively testing each feature
through experimental studies modifying one design feature at a time, the qualitative analysis of
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students’ discourse offers the possibility to explore how students interact with multiple game
features of the game and quickly identify those that are ineffective at engaging students in
learning.
Conclusion
Prior research has shown that both formal and informal cooperative and collaborative
learning can improve students' achievement, and there exist numerous theories to explain their
effectiveness (Gillies, 2016; Johnson & Johnson, 2009; Kyndt et al., 2013; Slavin, 2011, 2014).
This has been shown across fields, settings and age groups. However, the benefits of cooperative
and collaborative learning depend on the quality and type of interactions that take place within
the groups as well as the task structure and group dynamics. Research focusing on cognitive
elements of the interactions have found that individuals who provide more elaborated
explanations generally have better learning outcomes (Cohen, 1994, Webb et al, 2002, 2014 ).
The current study used two parallel versions of the Noobs vs. Leets geometry puzzle
digital game to look at the role of a dynamic game mechanic in promoting elaborate
mathematical reasoning, learning and motivation. The static version of the game had students
select angles that were complementary, or which formed the interior angles of a triangle. The
dynamic version of the game had an additional game mechanism that allowed the players to
change the angle in the puzzle, creating the possibility of multiple solutions and therefore
providing more open-ended tasks. The process-oriented approach used in this study allowed us to
investigate relationships between students’ interactions, the game structure and learning.
Multilevel modeling enabled us to model both group-level and individual-level effects on
learning and motivation. Despite the many limitations, the results of this study, along with the
pilot, do suggest that there is a relationship between elaborative reasoning and student learning,
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but that this relation may be impacted by the quality and quantity of the collaboration.
Specifically, whether students are motivated to engage with one another, co-construct solutions
or work independently, and the extent students offer encouragement and have positive rapport
may all impact learning outcomes and should be investigated in future studies. Consideration of
these factors should allow designers to build better collaborative games for learning.
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Date:
Code:
Level Completed:

Appendix A: Demographic Questionnaire

What is your gender?
o Male
o Female
How old are you?
o 10
o 11
o 12
o 13
o 14
What grade are you in?
o 5th
o 6th
o 7th
What is your race/ethnicity? (choose all that apply)
o African American or Black
o Caucasian or European
o Asian
o Hispanic/ Latino
o Other
Were you born in the United States?
o Yes
o No
What language(s) do you speak at home? (choose all that apply)
o English
o Spanish
o Other ____________________
In what language(s) do you think when doing math? (choose all that apply)
o English
o Spanish
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o

Other ____________________
What language(s) e are you most comfortable speaking?
o English
o Spanish
o I'm equally comfortable speaking English and Spanish
o Other
What type of school do you attend?
o private
o public
o Home schooled
How often do use computers or tablets during math class in school?
o Never
o Less than Once a Month
o Once a Month
o 2-3 Times a Month
o Once a Week
o 2-3 Times a Week
o Daily
How much time do you spend playing video games (including on your phone) each school day?
o I don't play video games
o less than 1 hour
o between 1 and 2 hours
o between 2 and 3 hours
o between 3 and 4 hours
o between 4 and 5 hours
o between 5 and 6 hours
o more than 6 hours
How much time do you spend playing video games on days when you don' t have school?
o less than 1 hour
o 1-2 hours
o 2-3 hours
o 3-4 hours
o 4-5 hours
o 5-6 hours
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o

more than 6 hours
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Appendix B: Pre-test

PreTest Problems
Four different angles are shown below. Under each figure, identify the angle shown as acute,
obtuse, right, or straight.

o
o
o
o

acute
obtuse
right angle
straight

o
o
o
o

acute
obtuse
right
straight

o
o
o
o

.

•
•
•
•

acute
obtuse
right
straight

acute
obtuse
right
straight
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What is the measure of the unknown angle a in the figure
below?
a.
b.
c.
d.

30
50
60
70

a.
b.
c.
d.

40
50
60
70

a.
b.
c.
d.

20
30
40
60

In the figure below AB is a straight line. What is the measure of
angle x?

What is the measure of angle x in the figure below?
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In the figure, PQ and RS are intersecting straight lines

What is the value of x + y?

A.
B.
C.
D.
E.

15
30
60
180
300

Use the figure below to answer the following questions:

Which pair of angles are complementary?
∠VWP and ∠MWP
∠PVW and ∠UVQ
∠PVW and ∠PMW
∠VPW and ∠MPW

a.
b.
c.
d.

Which pair of angles are supplementary?
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a.
b.
c.
d.

∠VWP and ∠MWP
∠PVW and ∠UVQ
∠PVW and ∠PMW
∠VPW and ∠MPW
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Appendix C: Posttest

1. In the space below, draw an angle that is greater than 90 degrees but less
than 180 degrees.

2. In which of the following are the angles ordered by size, from least to
greatest?

A. Q, P, R, S
B. Q, R, P, S
C. S, P, R, Q
D. S, R, P, Q

3. One of these angles is a right angle. Which one?
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4. In the figure below, what is the value of X?
•
•
•
•

35 º
55 º
60 º
90 º

5. In the figure below, what is the value of X?
•
•
•
•

28º
30º
48º
90º

•

∠ a and
∠c
∠w and
∠b
∠d and ∠c
∠a and ∠y

6. From the figure below, which pair of angles are
supplementary?

•
•
•
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7. In the figure below, what is the measure of angle
∠XYZ?

o
o
o
o

8.

o
o
o
o

20
30
40
50

What rule did you use to find the measure of angle ∠XYZ??

complementary angle rule
supplementary angle rule
triangle rule
none of the above
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9. Use the figure below to answer the following

x=

o
o
o
o

30
40
50
90

o
o
o
o

10. What rule did you use to find the measure of angle x?
complementary angle rule
supplementary angle rule
triangle rule
none of the above

11.The figure below shows 4 lines intersecting, three of which intersect at point P.
Which pair of angles are complementary?

e.
f.
g.
h.

∠VWP and ∠MWP
∠PVW and ∠UVQ
∠PVW and ∠PMW
∠VPW and ∠MPW
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12. From the figure below, which of the following statements is true?

A.
B.
C.
D.

x = 50°
y = 50°
x + y = 130°
x + y = 180°
1.

13. In the figure, PQ and RS are intersecting straight lines

What is the
value of x +
y?

A.
B.
C.
D.
E.

15
30
60
180
300

Form TIMSS 2003
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14. Sheila said, “I can draw a triangle that has 2 right angles.”
Do you agree with Sheila? Explain your answer:

15.

In the figure above, what is the value of x?
Show your work
Answer ______________

16.

What is the sum of all the interior (inside) angles of pentagon ABCDE?
Show your work.

Answer: _______________
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17.In the figure, the measure of ∠POR is 110°, the measure of ∠QOS is 90°, and the
measure of ∠POS is 140°.

What is the measure of ∠QOR?
Answer
____________________
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Appendix D: Rubric for Item 14 of Posttest
Level

0

Description and sample of students' responses

No response or off task. Geometric language is not used.

“I agree with Sheila because you can do it.”

1

Incorrect response, but some reasoning is attempted:
“Yes, because all triangles have a right angle and a left angle.”
“Yes. You make one at the top and one at the bottom.”
Partially correct response but reasoning is weak or incorrect:
“No, because all triangles have right angles.”

2

Correct response, but reasoning is not complete or clear:
“No, because you can only put 1 right angle in a triangle.”
“No, it would have to be a square or rectangle.”

3

Correct response and good reasoning. Explanation goes beyond Level 2 but relies on concrete or visual
understanding rather than abstract knowledge of properties.
“Because if you put 2 right angles together, you already have 3 sides, and the sides are not closed.”
(Drawing included.

4

Exemplary response. Student applied knowledge of triangles and angles.
“Triangles have 3 angles and 180°. If there are 2 right angles, then it would equal 180°. But that is
only 2 angles.”
done?”

“How could you possibly have 2 right angles equaling 180° when you only have 2/3 of a triangle
“You would have 2 parallel sides.”
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Appendix E: Posttest Item Description and Categorization
Description of Item

Knowledge

Van

Types

Hiele
Level

Item 1: draw an angle between 90 and 180 degrees

Declarative

Level 1

Item 2: Ordering angles by size

Declarative

Level 1

Item 3: Identifying the right angle

Declarative

Level 1

Item 4:

Procedural

Level 2

Procedural

Level 2

Declarative

Level 2

(dropped from analysis due to ceiling and lack or
correlation with other items)

Finding the missing angle in a triangle when the other
two angles are given

Item 5
Finding the value of angle in right angle divided into
two angles with a third line given the value of the other
angles
Item 6
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Identifying the supplementary angles

Item 7

Procedural

Level 2

Declarative

Level 2

Finding an unknown angle using the complementary
angle rule

Item 8
Identifying the correct rule (dropped due to their being
two possible correct answers)
Item 9

Procedural

Finding the value of an unknown angle

Level 2

Item 10
Identifying the correct rule:

Level 2

Declarative
Item 11: Finding the complementary angles

Declarative

Level_2

Item 12: Identifying the appropriate equation for

Procedural

Level_2

finding the missing angles

Transfer

Item 13: Adding two opposite angles

Procedural

Level_2
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Transfer
Level
Item 14

determin

Student explains why the agree or disagree with the

ed based

statement a triangle can have two right angles

Conditional

on
response

Item 15: Using multiple rules to find a missing angle

Procedural

Level_2

transfer
Item 16: Finding the interior angles of a pentagon

Procedural

Level_3

transfer
Item 17: Finding an unknown angle value with

Procedural

overlapping angles

transfer

Level_3

143

References
Alfieri, L., Brooks, P. J., Aldrich, N. J., & Tenenbaum, H. R. (2011). Does discovery-based
instruction enhance learning? Journal of educational psychology, 103(1).
https://doi.org/10.1037/a0021017
Arnab, S., Lim, T., Carvalho, M. B., Bellotti, F., De Freitas, S., Louchart, S., Berta, R., & De
Gloria, A. (2015). Mapping learning and game mechanics for serious games
analysis. British Journal of Educational Technology, 46(2), 391-411.
https://doi.org/10.1111/bjet.12113
Atkinson, R. K., Derry, S. J., Renkl, A., & Wortham, D. (2000). Learning from examples:
Instructional principles from the worked examples research. Review of educational
research, 70(2), 181-214. https://doi.org/10.3102/00346543070002181
Baroody, A. J., Feil, Y., & Johnson, A. R. (2007). An alternative reconceptualization of
procedural and conceptual knowledge. Journal for research in mathematics
education,115-131. https://doi.org/10.2307/30034952
Battistich, V., Solomon, D., & Delucchi, K. (1993). Interaction processes and student outcomes
in cooperative learning groups. The Elementary School Journal, 94(1), 19-32.
http://dx.doi.org/10.1086/461748

Bauer, A., & Popovic, Z. (2017). Collaborative Problem Solving in an Open-Ended Scientific
Discovery Game. PACMHCI, 1(CSCW), 22-1. https://doi.org/10.1145/3134657
Bokosmaty, S., Mavilidi, M. F., & Paas, F. (2017). Making versus observing manipulations of
geometric properties of triangles to learn geometry using dynamic geometry software.
Computers & Education, 113, 313-326. https://doi.org/10.1016/j.compedu.2017.06.008
Bossert, S. T. (1988). Chapter 6: Cooperative activities in the classroom. Review of research in
education, 15(1), 225-250. https://doi.org/10.3102%2F0091732X015001225
144

Byrnes, J. P., & Wasik, B. A. (1991). Role of conceptual knowledge in mathematical procedural
learning. Developmental psychology, 27(5), 777. https://doi.org/10.1037/00121649.27.5.777

Çakir, M. P., & Stahl, G. (2015). Dragging as a referential resource for mathematical meaning
making in a collaborative dynamic-geometry environment [nominated for best paper of
conference]. In the proceedings of the CSCL 2015. Gothenburg, Sweden.
https://repository.isls.org//handle/1/412
Carroll, W. M. (1998). Geometric Knowledge of Middle School Students in a Reform‐based
Mathematics Curriculum. School Science and Mathematics, 98(4), 188-197.
https://doi.org/10.1111/j.1949-8594.1998.tb17415.x
Cen, L., Ruta, D., Powell, L., Hirsch, B., & Ng, J. (2016). Quantitative approach to collaborative
learning: performance prediction, individual assessment, and group composition.
International Journal of Computer-Supported Collaborative Learning, 11(2), 187-225.
https://doi.org/10.1007/s11412-016-9234-6
Chan, M. C. E., & Clarke, D. (2017). Structured affordances in the use of open-ended tasks to
facilitate collaborative problem solving. ZDM, 49(6), 951-963.
https://doi.org/10.1007/s11858-017-0876-2
Chan, K. K., & Leung, S. W. (2014). Dynamic geometry software improves mathematical
achievement: Systematic review and meta-analysis. Journal of Educational Computing
Research, 51(3), 311-325. https://doi.org/10.2190%2FEC.51.3.c
Chen, C. H., Wang, K. C., & Lin, Y. H. (2015). The Comparison of Solitary and Collaborative
Modes of Game-based Learning on Students' Science Learning and Motivation.
Educational Technology & Society, 18(2), 237-248.
http://www.jstor.org/stable/jeductechsoci.18.2.237
145

Chen, C. H., & Law, V. (2016). Scaffolding individual and collaborative game-based learning in
learning performance and intrinsic motivation. Computers in Human Behavior, 55, 12011212. https://doi.org/10.1016/j.chb.2015.03.010
Chi, M. T., & Wylie, R. (2014). The ICAP framework: Linking cognitive engagement to active
learning outcomes. Educational psychologist, 49(4), 219-243.
https://doi.org/10.1080/00461520.2014.965823
Cohen, E. G. (1994). Restructuring the classroom: Conditions for productive small groups.
Review of educational research, 64(1), 1-35.
https://doi.org/10.3102/00346543064001001
Cress, U. (2008). The need for considering multilevel analysis in CSCL research—An appeal for
the use of more advanced statistical methods. International Journal of ComputerSupported Collaborative Learning, 3(1), 69-84. DOI:10.1007/s11412-007-9032-2
Dansereau, D. F. (1988). Cooperative learning strategies. Learning and study strategies: Issues
in assessment, instruction, and evaluation, 103-120. https://doi.org/10.1016/B978-0-12742460-6.50013-X
Dillenbourg, P. (1999). What do you mean by collaborative learning?.Collaborative-learning:
Cognitive and Computational Approaches., 1-19.
Dillenbourg, P. (2002). Over-scripting CSCL: The risks of blending collaborative learning with
instructional design. Three worlds of CSCL. Can we support CSCL? 61-91. HAL Id: hal00190230 https://telearn.archives-ouvertes.fr/hal-00190230
Gillies, R. M. (2016). Cooperative learning: Review of research and practice. Australian Journal
of Teacher Education (Online), 41(3), 39-54. ISSN:1835-517X

146

Hausmann, R. G., Chi, M. T., & Roy, M. (2004). Learning from collaborative problem solving:
An analysis of three hypothesized mechanisms. In Proceedings of the annual meeting of
the cognitive science society (Vol. 26, No. 26). https://escholarship.org/uc/item/2ts2g2j6
https://escholarship.org/uc/item/2ts2g2j6
Hooper, S., & Hannafin, M. J. (1988). Cooperative CBI: The effects of heterogeneous versus
homogeneous grouping on the learning of progressively complex concepts. Journal of
Educational Computing Research, 4(4), 413-424. https://doi.org/10.2190/T26C-3FTHRNYP-TV30
Hooper, S., & Hannafin, M. J. (1991). The effects of group composition on achievement,
interaction, and learning efficiency during computer-based cooperative
instruction. Educational Technology Research and Development, 39(3), 27-40.
https://doi.org/10.1007/BF02296436
Horn, E. M., Collier, W. G., Oxford, J. A., Bond Jr, C. F., & Dansereau, D. F. (1998). Individual
differences in dyadic cooperative learning. Journal of Educational Psychology, 90(1),
153. https://doi.org/10.1037/0022-0663.90.1.153
İbili, E. (2019). The use of dynamic geometry software from a pedagogical perspective: current
status and future prospects. Journal of Computer and Education Research, 7(14), 337355.https://doi.org/10.18009/jcer.579517
Inkpen, K., Booth, K. S., Klawe, M., & Upitis, R. (1995, October). Playing together beats
playing apart, especially for girls. In The first international conference on Computer
support for collaborative learning (pp. 177-181). L. Erlbaum Associates Inc.
Janssen, J., Kirschner, F., Erkens, G., Kirschner, P. A., & Paas, F. (2010). Making the black box
of collaborative learning transparent: Combining process-oriented and cognitive load

147

approaches. Educational psychology review, 22(2), 139-154.
https://doi.org/10.1007/s10648-010-9131-x
Jiang, Z., White, A., & Rosenwasser, A. (2011). Randomized control trials on the dynamic
geometry approach. Journal of Mathematics Education at Teachers College,
2(2).https://doi.org/10.7916/jmetc.v2i2.718
Johnson, D. W., Johnson, R. T., & Stanne, M. B. (2000). Cooperative learning methods: A metaanalysis. Minneapolis: University of Minnesota Press
Johnson, D. W., & Johnson, R. T. (2004). Cooperation and the Use of Technology. In D. H.
Jonassen (Ed), Handbook of research on educational communications and technology (pp.
785–811). Lawrence Erlbaum Associates Publishers.
https://doi.org/10.4324/9781410609519

Johnson, D. W., & Johnson, R. T. (2009). An educational psychology success story: Social
interdependence theory and cooperative learning. Educational researcher, 38(5), 365379.https://doi.org/10.3102/0013189X09339057
Ke, F., & Grabowski, B. (2007). Gameplaying for maths learning: cooperative or not?. British
Journal of Educational Technology, 38(2), 249-259. https://doi.org/10.1111/j.14678535.2006.00593.x
Ke, F. (2008). Computer games application within alternative classroom goal structures:
cognitive, metacognitive, and affective evaluation. Educational Technology Research
and Development, 56(5-6), 539-556. https://doi.org/10.1007/s11423-008-9086-5
Kuchynka, S. L., Eaton, A., & Rivera, L. M. (2022). Understanding and Addressing Gender‐
Based Inequities in STEM: Research Synthesis and Recommendations for US K‐12
Education. Social Issues and Policy Review, 16(1), 252288.https://doi.org/10.1111/sipr.12087

148

Kyndt, E., Raes, E., Lismont, B., Timmers, F., Cascallar, E., & Dochy, F. (2013). A metaanalysis of the effects of face-to-face cooperative learning. Do recent studies falsify or
verify earlier findings? Educational Research Review, 10, 133-149.
https://doi.org/10.1016/j.edurev.2013.02.002
Kwon, O. N., Park, J. H., & Park, J. S. (2006). Cultivating divergent thinking in mathematics
through an open-ended approach. Asia Pacific Education Review, 7(1), 51-61.
https://doi.org/10.1007/BF03036784
Levav-Waynberg, A., & Leikin, R. (2012). The role of multiple solution tasks in developing
knowledge and creativity in geometry. The Journal of Mathematical Behavior, 31(1), 7390. https://doi.org/10.1016/j.jmathb.2011.11.001
Lou, Y., Abrami, P. C., Spence, J. C., Poulsen, C., Chambers, B., & d’Apollonia, S. (1996).
Within-class grouping: A meta-analysis. Review of educational research, 66(4), 423-458.
https://doi.org/10.3102/00346543066004423
Lou, Y., Abrami, P. C., & d’Apollonia, S. (2001). Small group and individual learning with
technology: A meta-analysis. Review of educational research,71(3), 449-521.
https://doi.org/10.3102/00346543071003449
Maas, C. J., & Hox, J. J. (2004). Robustness issues in multilevel regression analysis. Statistica
Neerlandica, 58(2), 127-137.https://doi.org/10.1046/j.0039-0402.2003.00252.x
McAuley, E., Duncan, T.E. and Tammen, V.V. (1989) Psychometric Properties of the Intrinsic
Motivation Inventory in a Competitive Sport Setting: A Confirmatory Factor Analysis.
Research Quarterly for Exercise and Sport, 60, 48-58.
https://doi.org/10.1080/02701367.1989.10607413

149

Meece, J. L., Glienke, B. B., & Burg, S. (2006). Gender and motivation. Journal of school
psychology, 44(5), 351-373. https://doi.org/10.1016/j.jsp.2006.04.004
Merchant, Z., Goetz, E. T., Cifuentes, L., Keeney-Kennicutt, W., & Davis, T. J. (2014).
Effectiveness of virtual reality-based instruction on students' learning outcomes in K-12
and higher education: A meta-analysis. Computers & Education, 70, 29-40.
https://doi.org/10.1016/j.compedu.2013.07.033
Mullins, D., Rummel, N., & Spada, H. (2011). Are two heads always better than one?
Differential effects of collaboration on students’ computer-supported learning in
mathematics. International Journal of Computer-Supported Collaborative Learning,
6(3), 421-443. https://doi.org/10.1007/s11412-011-9122-z
National Council of Teachers of Mathematics (NCTM). (2014). Principles to actions: Ensuring
mathematical success for all. Reston, VA:
National Research Council, & Mathematics Learning Study Committee. (2001). Adding it up:
Helping children learn mathematics. National Academies Press.
O'Donnell, A. M., Dansereau, D. F., Rocklin, T. R., Hythecker, V. I., Lambiotte, J. G., Larson,
C. O., & Young, M. D. (1985). Effects of elaboration frequency on cooperative learning.
Journal of Educational Psychology, 77(5). https://doi.org/10.1037/0022-0663.77.5.572
Olsen, J. K., & Finkelstein, S. (2017). Through the (thin-slice) looking glass: An initial look at
rapport and co-construction within peer collaboration. Philadelphia, PA: International
Society of the Learning Sciences. https://repository.isls.org//handle/1/272
Olson, J. K., Belenky, D. M., Aleven, V., & Rummel, N. (2014, January). Using an intelligent
tutoring system to support collaborative as well as individual learning. Paper presented at
12th International Conference on Intelligent Tutoring Systems

150

https://doi.org/10.1007/978-3-319-07221-0_16
Oner, D. (2013). Analyzing group coordination when solving geometry problems with dynamic
geometry software. International Journal of Computer-Supported Collaborative
Learning, 8(1), 13-39. http://dx.doi.org/10.1007/s11412-012-9161-0
Oner, D. & Stahl (2016). Tracing the change in discourse in a collaborative dynamic geometry
environment: From visual to more mathematical. International Journal of ComputerSupported Collaborative Learning, 11(1), 59-88 https://doi.org/10.1007/s11412-0169227-5
Plass, J. L., Homer, B. D., Hayward, E. O., Frye, J., Huang, T. T., Biles, M., ... & Perlin, K.
(2012). The effect of learning mechanics design on learning outcomes in a computerbased geometry game. In E-learning and games for training, education, health and sports
(pp. 65-71). Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-33466-5_7
Plass, J. L., Homer, B. D., & Kinzer, C. K. (2015). Foundations of game-based
learning. Educational Psychologist, 50(4), 258-283.
https://doi.org/10.1080/00461520.2015.1122533
Plass, J. L., O’Keefe, P. A., Homer, B. D., Case, J., Hayward, E. O., Stein, M., & Perlin, K.
(2013). The impact of individual, competitive, and collaborative mathematics game play
on learning, performance, and motivation. Journal of Educational Psychology, 105(4),
1050. https://doi.org/10.1037/a0032688
Rittle-Johnson, B., Schneider, M., & Star, J. R. (2015). Not a one-way street: Bidirectional
relations between procedural and conceptual knowledge of mathematics. Educational
Psychology Review, 27(4), 587-597. https://doi.org/10.1007/s10648-015-9302-x
Rittle-Johnson, B., & Star, J. R. (2007). Does comparing solution methods facilitate conceptual

151

and procedural knowledge? An experimental study on learning to solve equations.
Journal of Educational Psychology, 99(3), 561–574. https://doi.org/10.1037/00220663.99.3.561
Rittle-Johnson & Star, (2009). Compared with what? The effects of different comparisons on
conceptual knowledge and procedural flexibility for equation solving. Journal of
Educational Psychology, 101, 529–544. https://doi.org/10.1037/a0014224
Ryan, R. M., & Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic
motivation, social development, and well-being. American psychologist, 55(1), 68.
https://doi.org/10.1037/0003-066X.55.1.68
Stahl, G. (2017). Group practices: A new way of viewing CSCL. International Journal of
Computer-Supported Collaborative Learning, 12(1), 113. https://doi.org/10.1007/s11412017-9251-0
Straesser, R. (2002). Cabri-Geometre: Does dynamic geometry software (DGS) change geometry
and its teaching and learning?. International Journal of Computers for Mathematical
Learning, 6(3), 319-333. https://doi.org/10.1023/A:1013361712895
Stein, M. K., Grover, B. W., & Henningsen, M. (1996). Building student capacity for
mathematical thinking and reasoning: An analysis of mathematical tasks used in reform
classrooms. American educational research journal, 33(2), 455-488.
https://doi.org/10.2307/1163292
Schoenfeld, A. H. (1986). “On having and using geometric knowledge”.in Hiebert, J. (Ed.).
(2013). Conceptual and procedural knowledge: The case of mathematics. Routledge.
Schukajlow, S., Krug, A., & Rakoczy, K. (2015). Effects of prompting multiple solutions for
modelling problems on students’ performance. Educational Studies in Mathematics,

152

89(3), 393-417.https://doi.org/10.1007/s10649-015-9608-0
Slavin, R. E. (2011). Cooperative learning. Learning and Cognition in Education Elsevier
Academic Press, Boston, 160-166.
Slavin, R. E. (2014). Cooperative Learning and Academic Achievement: Why Does Groupwork
Work?.[Aprendizaje cooperativo y rendimiento académico:¿ por qué funciona el trabajo
en grupo?]. Anales de Psicología/Annals of Psychology, 30(3), 785-791
https://doi.org/10.6018/analesps.30.3.201201
Sweller, J., & Cooper, G. A. (1985). The use of worked examples as a substitute for problem
solving in learning algebra. Cognition and instruction, 2(1), 59-89.
https://doi.org/10.1207/s1532690xci0201_3
Sun, C., Shute, V. J., Stewart, A., Yonehiro, J., Duran, N., & D'Mello, S. (2020). Towards a
generalized competency model of collaborative problem solving. Computers &
Education, 143, 103672. https://doi.org/10.1016/j.compedu.2019.103672
Takeuchi, L. M., & Vaala, S. (2014). Level up learning: A national survey on teaching with
digital games. New York: The Joan Ganz Cooney Center at Sesame Workshop.
Ubuz, B., & Aydın, U. (2018). Geometry knowledge test about triangles: evidence on validity
and reliability. ZDM, 50(4), 659-673. https://doi.org/10.1007/s11858-018-0964-y
van der Meij, H., Albers, E., & Leemkuil, H. (2011). Learning from games: Does collaboration
help? British Journal of Educational Technology, 42(4), 655-664.
https://doi.org/10.1111/j.1467-8535.2010.01067.x
von Davier, A. A., & Halpin, P. F. (2013). Collaborative problem solving and the assessment of
cognitive skills: Psychometric considerations. ETS Research Report Series, 2013(2), i-36.
https://doi.org/10.1002/j.2333-8504.2013.tb02348.x

153

Webb, N. M. (1982). Group composition, group interaction, and achievement in cooperative
small groups. Journal of Educational Psychology, 74(4), 475.
https://doi.org/10.1037/0022-0663.74.4.475
Webb, N. M. (1991). Task-related verbal interaction and mathematics learning in small groups.
Journal for research in mathematics education, 366-389. https://doi.org/10.2307/749186
Webb, N. M., Farivar, S. H., & Mastergeorge, A. M. (2002). Productive helping in cooperative
groups. Theory into practice, 41(1), 13-20 https://www.jstor.org/stable/1477532
Webb, N. M., Franke, M. L., Ing, M., Chan, A., De, T., Freund, D., & Battey, D. (2008). The
role of teacher instructional practices in student collaboration. Contemporary educational
psychology, 33(3), 360-381. https://doi.org/10.1016/j.cedpsych.2008.05.003
Webb, N. M., Franke, M. L., Ing, M., Wong, J., Fernandez, C. H., Shin, N., & Turrou, A. C.
(2014). Engaging with others’ mathematical ideas: Interrelationships among student
participation, teachers’ instructional practices, and learning. International Journal of
Educational Research, 63, 79-93 https://www.learntechlib.org/p/203557/
Webb, N. M., Franke, M. L., Ing, M., Turrou, A. C., Johnson, N. C., & Zimmerman, J. (2019).
Teacher practices that promote productive dialogue and learning in mathematics
classrooms. International Journal of Educational Research.
https://doi.org/10.1016/j.ijer.2017.07.009
Webb, N. M., Troper, J. D., & Fall, R. (1995). Constructive activity and learning in collaborative
small groups. Journal of educational psychology, 87(3), 406.
https://doi.org/10.1037/0022-0663.87.3.406
Weinstein, C. E. (1977). Cognitive Elaboration Learning Strategies. Paper presented at the
Annual meeting, of the American Educational Research Association .April 1977

154

Weinstein, C. E. (1982). Training students to use elaboration learning strategies. Contemporary
Educational Psychology, 7(4), 301-311.https://doi.org/10.1016/0361-476X(82)90013-3
Wilkinson, G. N., & Rogers, C. E. (1973). Symbolic description of factorial models for analysis
of variance. Journal of the Royal Statistical Society: Series C (Applied Statistics), 22(3),
392-399. https://doi.org/10.2307/2346786
Wouters, P., & van Oostendorp, H. (2017). Overview of instructional techniques to facilitate
learning and motivation of serious games. In Instructional techniques to facilitate
learning and motivation of serious games (pp. 1-16). Springer, Cham.
https://doi.org/10.1007/978-3-319-39298-1

155

